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PREFACE 


This training manual represents one component of a pilot training 
program in Charcoal Production undertaken by the Farallones 
Institute and CHP International, Inc. It has been completed in 
accordance with the terms of Peace Corps Contract #282-1003. 

We believe that our involvement has produced a valuable and 
adaptable learning tool. However, the manual must continue to 
be tested, evaluated and modified in order to reflect changing 
needs and circumstances. It is our hope that you will contribute 
to that process, and that you will help make the manual more 
appropriate and useful during future training programs. 

If you have observations or suggestions about the contents, 
methods or approach included in the manual, please contact the 
authors at the Farallones Institute or CHP International, Tnc. 

There have been many valuable sources of support during the develop- 
ment of this manual. It is only with the help of many people that 
we have been able to document the various tools and techniques that 
we have chosen to use in training people to go gently and lightly 
into the lives of others. 
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INTRODUCTION 


Basic to the purpose of this training manual i.s the belief that 
the process of community development begins when people take an 
active role in their own education and continues as they identify 
not only their needs but also the resources, abilities and methods 
that will help them make decisions and address their problems in 
ways that are both sustainable and locally appropriate. This belief 
reaffirms what most of the world's villagers already know inherently: 
that culture, social systems, politics, religion, economics, and 
ecology are all threads in the same fabric of community life; and 
that technology exists only as a tool, a loom upon which all other 
threads are woven. 

An important focus of this training program is the recognition 
that technical expertise is significant and useful only when it is 
applied in balance with other abilities. It is of little value for 
a person to be technically competent without the ability to work 
cooperatively with others and motivate them toward a more self- 
reliant and healthy life.- For this reason, it is essential that 
Peace Corps Volunteers develop a variety of complementary skills, 
knowledge and attitudes that will serve to weave together the many 
threads of community development. 

The training program outlined in this manual emphasizes the parallels 
wh’ch exist between training and Peace Corps service. Throughout the 
program, participants are encouraged to take a full and active role 
in their own education and to make decisions that will affect them 
and the people with whom they work and live. They are urged to 
cooperate with others, to identify and use the talents and resources 
that are available, and to practice skills that help motivate people, 
instill within them a sense of self-confidence, and involve them in 
the process of their own education. 

The training program offers skills training in all stages of the 
development of technologies related to small-scale charcoal produc- 
tion, including the design, construction,. operation, maintenance, 
repair, and evaluation of prototype kilns. The kiln designs are 
selected to be as consistent as possible with the realities of rural 
areas in developing countries. 

The program is divided into twenty sessions which occur over a six- 
day period. Each session consists of a series of activities designed 
to meet specific training objectives. The objectives of each session 
are i n te r- re 1 ated and linked through association with a number of 
fundamental themes. These themes serve to guide and shape the 
de ve 1 o pmen t o f the skills and qualities necessary during Peace Corps 
service. Together, the themes illustrate the connection and inter- 
dependence between technology and other aspects of community developr 
men t . The program themes are: 
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* Development and Transfer of Technical Competence 

* Principles and Techniques of Non-Formal fducation 

and Adult Learning 

* Methods and Approaches to Problem-Solving 

* Development Issues 

* Cross-Cultural Perspectives 

* The Process of Assessment and Evaluation 


The Manual is designed to be responsive to a variety of training 
situations. Modification and adaptation of the materials is 
encouraged. However* it is essential to the effectiveness of the 
training to maintain the integrated nature of the sessions by pro- 
viding an adequate balance of emphasis among the various themes. 

This will enable participants to build upon and apply new knowledge 
in a way that is ordered and meaningful within the context of com- 
munity development. 

The following guidelines have been developed as an aid in transforming 
this manual into an effective, dynamic training program: 

Planning and Preparation 

There are many steps that need to occur before the training actually 
begins. These include defining the scope and approach of the 
training, identifying staff requirements, locating and establishing 
a site, and gathering necessary resources and materials. 

* Defining the scone and approach of the training : 

It is important to carefully read through the entire manual in 
order to develop an understanding of the overall design and 
approach of the training program. Sessions are designed' to 
accomodate a maximum of twenty participants. If there are 
significantly more than twenty participants, some modification 
of the design of session activities will be necessary. 

* Identifying staff and trainers : 

The specific number of staff should depend on the particular 
training situation. As a minimal requirement, there should be 
at least one primary trainer and one ass is tant for each twelve 
participants. The primary trainer should have considerable 
practical and theoretical experience in charcoal production in 
developing countries and should be experienced and comfortable 
with the principles of non- forma 1 education, adult learning, and 
integrated traini ng. The assistant trainer should be a native - 
of the country in which the training is held and should be 
experienced in the practical aspects of small-scale charcoal 
production. 



Locating and establishing a site : 


* 


It is best to choose a site that is conducive to experiential 
learning. It should include adequate room for people to build 
five to ten miniature kilns, work in small groups, and, if 
possible, be outdoors during much of the program. There should 
be a classroom or indoor meeting facilities at the site. It is 
useful for the training to be held in or near a forest area where 
local charcoal makers are working. 

* Gathering necessary resources and materials : 

For the most part, materials and resources will vary with each 
training situation. Each session includes a recommended list 
of materials. Be certain that there are enough materials, tools, 
and other supplies available before the program begins. If some 
of the suggested items are not available, use ingenuity to find 
comparable substitutes. t 

Conducting the Training 

Included here is a list of some considerations that are important to 

remember in carrying out the program. 

* Think small. The miniaturf zati-on of kilns is essential to a 
six-day training program ; 

The entire process of carbonization must be reduced to a 
miniature scale in order to bring the process to within the scope 
of a six-day program. Through miniaturization, all the concepts 
and principles of carbonization can be demonstrated and practiced 
using a variety of kiln designs. In order for miniaturization to 
be successful, it is important to reduce the size of all components 
and materials proportionately. As an example, a full-size tradi- 
tional kiln measuring 1 meter x 1 meter x 2 meters using wood 
that is 1 meter long and 20 cm. in diameter would be reduced to a 
model kiln, TO cm. x 10 cm. x 20 cm. Wood used In the kilns 
should be approximately 2 cm. in diameter and 10 cm. in length. 
Construction and maintenance of miniatures follow exactly the 
same procedures as with full-scale kilns. Metal kilns such as 
the Mark V can be constructed from 20 liter buckets or cans. 

Using the miniaturization technique, carbonization time for each 
kiln is reduced to 8 to 10 hours. 

* Warning! Charcoal production is a destructive process : 

Although it is explicitly brought out in several sessions, the 
potential ecological impact of charcoal production should be 
continually reinforced throughout the training. In view of the 
growing world fuel wood scarcity, and considering that the con- 
version of wood to charcoal results in 50-80% gross energy loss, 
charcoal production can, in certain situations, be detrimental to 
the long-term interests and needs of people everywhere. Stress 
a general rule for volunteers, that if charcoal is a 1 ready being 
made in an area, then working to improve yields can be appropriate. 
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If wood is in excess and is rotting or being burned, charcoal 
can be appropriate. But if charcoal is not being used and wood 
is being burned on open fires, then working to introduce fuel- 
efficient wood-burning stoves is more appropriate. 

* Flexibility and patience are two key requirements for charcoal 
making : 

The participants should be advised of the likelihood of spending 
lunchtime, suppertime, and late-night hours tending their ' 
smoldering kilns. The process of carbonization does not lend 
itself well to a structured, specified block of time. The type, 
age, and moisture content of available wood, weather conditions, 
and kiln design are all variables that can affect completion 
time . 

* The experiential learning cycle is an essential part of training : 

It is important that people have the opportunity to learn, 
examine, generalize about and apply new knowledge. Try to follow 
the experiential learning loop as often as possible, and encourage 
the participants to be aware of the process. 

* Small groups often make learning easier and more lasting : 

It is helpful to limit the size of groups to three, four or 
five people. Groups may be formed on the basis of regional or 
country assignments, skill levels, individual preference, or 
other criteria established by the staff and participants. 

* A, variety of educational techniques is most effective : 

Experiment with role-plays, skits, panel discussions, brain- 
storming and other non-conventional methods. Encourage people 
to use their creativity, and to examine which methods have the 
potential to be useful in community work. As you facilitate 
sessions, involve people and try to use techniques that others 
;can learn. Remember that as you teach, you will learn. Share 
your knowledge and motivate others to do the same. 

* As the program continues, participants become more responsible 
for the design and implementation of sessions : 

It is a good idea to include people as facilitators in selected 
activities and sessions. As the participants develop skills and 
self-confidence, they take an increased responsibility for their' 
own education. Urge people to take an active role in facili- 
tating, planning and evaluating a variety of learning experiences. 

* .Scheduled breaks between sessions are essential ? Although 10-15 
, minutes is suggested, more time may be needed, depending on the 

trai hi ng' circumstances . 




V 


ng the Manual 


of the keys to the success of the training program lies in 
roughly understanding and effectively using the manual. Included 
man!al S ° me guidelines and emanations designed to help in using 


_The Program Calendar indicates the overall design of the' 
program and recommended sequence of sessions. Use it as a 
re fe re nee in developing a specific schedule which meets the 
needs of the particular training situation. 

Sessions follow a consistent format. (See the "Sample Session 
Format' on Page vi , for a detailed description.) Be certain to 
read sessions thoroughly. There are often several purposes to 
each session. For example, the activities may be designed to 
meet a technical objective, and at the same time, to provide parti 
eipants with practice in group problem-solving or communication 
skills. It is important to understand the multi-tiered desiqn 
of each session before presenting it. 


-Attachments follow each session and are usually intended for 
distribution to the participants. Each attachment is letter- 
coded as to the session with which it is associated. It is 
-important to make copies of attachments in advance so that thev 
can be distributed during the session. 


The Bibli ography includes the reference material, texts, and 
suggested resources used in developing this program. It can 
be copied and distributed to participants as the basis' for 
■Further research in charcoal production. 
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SAMPLE SESSION FORMAT 


Session Title indicates 
subject area presented. 


Each Session is numbered 
sequentially and coded 
by day. \ 


Total Time gives 
approximate time 
needed to- carry out v 
the session. 

Objectives tell what- 
is expected of par- 
tici pants and what 
the session should 
accompl i sh . 


Resources include all- 
attachments and other 
suggested references. 


Mate ri a 1 s refers to, 
suggested supplies 
and tools needed 
for the session 


St* i i i no 1 , Day 1 


Procedures consist of 
steps to be followed, 
in order to meet ^ 
objectives.- Each 
step is given an 
approximate, time. 


introduction to pit carbonization process 


‘Total Tine: 
Object Ives: 


2 hours 

* To discuss basic fire safety procedures 

* To identify the components of an acceptable 
kiln site 

* To practice sensory analysis of the ca rbon i z a t \ on 
process 

* To examine and disassemble a sample kiln 

* To examine and 'compare types of charcoal 


• Resources : 


* Attachment 4-A 

* Attachment 4-8 

* Attachment 4-C 
and Brands" 


"Sensory Analysis Guidance Sheet" 
"The Ca rbon i za t i on Process" 
"Sample Comparison of Charcoal 


Materials: Pencils or pens, sample miniatire kiln, assorted 

samples of charcoal, newsprint and felt-tip pen, 

3 or 4 large forks and spoons, 

Trainer Notes _ 

This session requires considerable preparation time. It will 
be necessary to set up a functioning miniature kiln in 
advance, such that it will be ready to pull during this 
session, A traditional, rectangular kiln is recommended for 
this activity. 

The kiln site needs to be prepared such that the necessary 
fire prevention measures are in effect (i.e., clearing the 
site of all grass andbrush, setting up a fire line, etc.) 

The assortment of charcoal samples used In this session 
should be selected on the basis of varying wood species and 
should include a few sample brands. 


'Procedures; /step 1. (5 minutes) 

/explain the session objectives and briefly outline 
/ the procedures , 

/ Step 2 , ' ( 1 0 m J nu Le s ) 

/ Briefly explain fire safety procedures on and 
, / around the kiln site. 


Trainer Notes 

Appear throughout the session and serve to clarify and 
explain a procedure, provide background information, and 
suggest options. 
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TRAINING PROGRAM CALENDAR 


DAY 1 

I Session 1 : 

"Sharing Perceptions of 
the Training Program: 
an Ice-Breaker" 

Session 2: 

Assessing Group Resource: 
Session 3: 

Defining Expectations 
of the Training Program 


DAY 2 

Session 7: 

Wood Resource Management 


Session 8: 

The Problem of Fuel- 
wood Scarcity 


DAY 3 


\ • / 
\ 


Session 4: 

Introduction to 
Carbonization 

Session 5: 

Assessing 
Wood Resources 

Session 6: 

Fire and Food: Dynamics 
o f Traditional Cooking 

DAY 4 


Session 9: 

Introduction to Kiln 
Construction 

Session 10: 

Kiln Design 
Session 11 : 

Kiln Construction 
Session 12: 

Nightwatch - Monitoring 
and Extraction 

DAY 5 


Session 13: 

Review and Redesign 
of Kilns 

Session 14: 

Construction and 
Testing of Second Kiln 


DAY 6 


Session 15: 
Introduction to 
Presentati ons 


Session 17: 
Presentations of 
Kilns 


Session 19: 

Evaluating Charcoal 
Yields 


Session 20: 

Program Evaluation 


Session 16: 

Kiln Application 
and Innovation 


Session 18: 

Briquetting: A -Problem- 
Solving Activity 




SHARING PERCEPTIONS OF THE TRAINING PROGRAM : AN ICE-BREAKER 


Total Time: 1 hour, 15 minutes 

Objectives: * To get to know one another and to encourage 

communication 

* To set the climate for active participation 
during the training program 


Resources: Attachment 1-A, "Coat of Arms" 

Materials: Pens or pencils. 

Procedures : 

Trainer Notes _____ 


This activity is designed to help 15 or fewer participants 
become better acquainted. If the group is larger and there 
is a need for learning names, a "name game" should be played 
first. One game that has been successfully used is as 
f ol 1 ows : 

* Trainer begins by giving his/her name preceded or followed 
by a word which 

~ describes how the trainer is feeling at that moment, and 

- begins with the same first letter of his/her name {for 
e xamp 1 e , Mi ke Motivated" or "Nancy Nervous ). 

* Moving clockwise around the room, each participant then 

' ■ takes a turn at repeating all the preceding names and de- 
scribes and adds his/her name to the growing list. 

' * The game ends when all participants have added their names 

and have tried to repeat the list. 


Step 1.(5 minutes ) 

Distribute copies of Attachment 1-A, "Coat of 
Arms" and explain the exercise. 

Trainer Notes 


* Explain that the object of the exercise is to draw a symbolic/ 
"coat of arms" which will help us begin to get acquainted or 
find out something new about each other. 

* Explain that the participants will draw a symbol or picture 
in each of the corresponding spaces on the coat of arms that 
answers one of a series of questions. 
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Step 2. (15 minutes) 

Referring to the list in the Trainer Notes below, 
read each question in order, allowing time for 
people to draw their symbol before moving to the 
next question. 

Trainer Notes 

1 

* Suggested questions: 

- How do you feel right now? 

- What were you doing a week ago today? 

- What do you hope to get out of this training? 

- What can you offer this training? 

i 

* Draw your own "coat of arms" while the group does theirs. 


Step 3. (5 minutes) . . '' 

After everyone has finished drawing his/her coat of 
arms, share your coat of ar*ms by explaining the 
meaning of each of your four drawings. 

' Trainer Notes 

Encourage an open climate byexplainingyour drawings! n a 
relaxed and humorous manner. Also, make your presentation brief 
to set the, pace of the. activity. 


Step 4. {30-45 minutes) 

Have each participant explain the meaning of his/her 
coat of arms. 

Step 5. (5 minutes) 

After all of the drawings have been presented, 
facilitate a brief discussion of some of the 
similarities and differences which seem to exist 
i n the grou p . . 



COAT OF ARMS 





ASSESSIN G GROUP RFSQURCFS 

Total Time: 1 hour, 30 minutes 


‘ ^uSgTcaVbe'u^Sl: «t S 9 p r ^raV MnS " d 

Materials: Newspri nt and f el t-t 1 p, pens . 

Procedures: Step 1 . (5 minutes) 

Review the objectives and procedures for the session. 
Step 2. (5 minutes) 

• Us; ^:;:’r^e^i? ny discuss the »«'» 

— — Trainer Notes _______ 

with a variety 

Step 3 (10 minutes) 

; Have the group brainstorm a list of interviPw 

questions which could help asses? - 

skills, knowledge and expJrlJS”? Participants* 

— Trainer Notes _____ 

^ t T o° •ud?5 u Tn n ?n ? n *j ?r?i, ? °j ioii p ° fnts 1 

s^\Sn U U t e n ?is , rd S ^s 0n nore«e d ed be 4 C 5 n oS]n dat d d H 0r pared dow " 

will stimulate conversation. d 4 ~ 5 open ~ ended questions that 

etc^ihlch^efJte^irectl^to cha^ ? nly .? n those skills, 
resources one might have which woulS 'h^g jhg 'group?" ^ 

.S tep 4. (5 minutes) 

Post and explain the interview format. 

— — — — — — Trainer Notes 

The Interview Format 

Step 1 (5 minutes) 

to a co»fortaMe t locatioE.“ h °" J '° U don '' kno “ we ” and move 
St *l.?.i 3 ? n, t nut es/15 minutes per person) 

- ' tMS ''"‘ n ^ , lw"^ e V ; s e , con^?sat q inn t n°^JL 9lltde - 

4 - Continued * 


Materials : 
Procedures : 
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Trainer Notes/Continued 

Step 3 (10 minutes ) 

On a clean sheet of paper, write legibly and in paragraph 
form the information you have gathered from your partner. 

Step 4 (5 minutes) 

Share the interview sheets with your partner and make any 
modifications or additions. 

Step 5 (10 minutes) 

Post the sheets on the wall and walk around the room 
scanning the other interview reports. 

* If the training group is a small one, an option to the 
written reports would be to have the pairs interview each 
other, reconvene the groups, and ask each participant to 
describe his/her partner. 


Step 5. (60 minutes) 

Have the participants carry out the interview 
procedure . 

Step 6. (5 minutes) 

Reconvene the group and facilitate a short discussion 
of the participants' overall impressions of the 
resources that exist within the group. 

Trainer Notes 


During the discussion, point out a number of the identified 
skills which are particularly useful/necessary to the process 
of making charcoal. 
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DEFINING EXPECTATIONS OF THE TRAINING PROGRAM 


Total Time: 
Objectives: 


Resources 


1 hour, 15 minutes 

* To review the schedule and content of the program 

* To define and clarify expectations that the 
participants have of the training program 

* To compare and contrast individual expectations 
with those of the program. 

* “Training Philosophy and Methodology," pp. 1-ii, 
from Introduction to the Manual. 


* "Conducting the Training," pp. iii-iv, from 
Introduction to the Manual. 

* Training Schedule 

Materials: Newsprint and felt-tip pens. 

Procedures: Step 1. (5 minutes) 

Briefly outline the session's objectives and activities 

Step 2. (20 minutes) 

Distribute copies of the three resources. Have the 
participants read them carefully, then ask for 
questions, clarifications, or discussion. 

Trainer Notes . 


Explain that the "Training Philosophy and Methodology" and 
"Conducting the Trai ni ng" provi de an orientation to the overall 
program goals and design, while the Training Schedule presents 
a day-by-day description of training. 


Step 3. (15 minutes) 

Have the participants form small groups and discuss 
their expectations of the program. Ask each group 
to list on newsprint and post their three most 
important expectations. 

Trainer Notes 


develop their lists, participants should be encour- 
^onsider their needs and desires, as well as con- 
n scheduling and programming. 

up is small, you may wish to remain 
. master list of participants' expecta- 
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Step 4. (25 minutes) 

Reconvene the large group and review each expectation 
for clarity, understanding, and feasibility. 

Trainer Notes 

* Identify which expectations will be met directly, those that 
will be touched upon, those which could be addressed with 
some schedule changes, and those, given the practical limi- 
tations of the program, which may not be met. Identify 
resources which trainees can use to meet their own needsv 

* Wherever possible, point out specific sessions in the 
Training Schedule which deal directly with the group’s 
expectat i ons . 


Step 5.,’ (10 minutes) 

Conclude the session by facilitating a discussion 
centered around the following questions: 

* Were any of your expectations changed by 
this activity? 

* Is there anything that you have heard about the 
training program that has not been discussed? 

* Do you think the program will meet your needs? 
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INTRODUCTION TO THE CARBONIZATION PROCESS, 

Total Time: 2 hours 

Objectives: * To discuss basic fire safety procedures 

* To identify the components of an acceptable 
kiln site 

* To practice sensory analysis of the carbonization 
process 

* To examine and disassemble a sample kiln 

* To examine and compare types of charcoal 

Resources: * Attachment 4-A: "Sensory Analysis Guidance Sheet" 

* Attachment 4-8: "The Carbonization Process" 

* Attachment 4-C: "Sample Comparison of Charcoal 
and Brands" 

Materials: Pencils or pens, sample miniatire kiln, assorted 

samples of charcoal, newsprint and felt-tip pen, 

3 or 4 large forks and spoons. 


Trainer Notes 

* This session requires considerable preparation time. It will 
be necessary to set up a functioning miniature kiln in 
advance, such that it will be ready to pull during this 
session. A traditional, rectangular kiln is recommended for 
this activity. 

The kiln site needs to be prepared such that the necessary 

!]J! Jf eV ?? tlon a r e in effect clearing the 

site of all grass and brush, setting up a fire line, etc.) 

* T f e assortment of charcoal samples used in this session 

shou d be selected on the basis of varying wood and 

should include a few sample brands. 9 Spec1es and 


Procedures 


Step 1 . ( 5 mi nutes ) 

the ^procedures! 5 * 0,1 obJect ( ^ ^efly outline 
Step 2. (10m i nutes) 

Briefly explain fire safety procedures nn 1f wt 
around the kiln site. H au res on and 
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Trainer Notes 


* Mention the following points during your explanation: 

- the importance of clearing an area of grass and 
brush 

» the construction of a protective fire line 

- the importance of continually monitoring kilns as they burn 

* Encourage discussion and questions from among the partici- 
pants. 


Step 3. (10 minutes) 

Distribute Attachment 4-A, ".Sensory Analysis 
Guidance Sheet," and ask participants to complete 
Section A. 


• Trainer Notes 

* Mention that this initial recording of observations is 
designed to familiarize participants with their surroundings 
and help them begin to sharpen their observation skills, 

* Explain that in completing sections of the "Sensory Analysis 
Guidance Sheet", participants should write down their obser- 
vations by concentrating on each of the five senses 
identified in the left hand column of the page, 




Step 4 . (10 minutes) 

Have participants share and discuss their 
observations , 


Trainer Notes 


The following list includes some of the most important obser- 
vations to be discussed: 


- proximity of labor supply 

- nearby activities that may 
be disturbed by charcoal 
making 

- wind direction 


- season of the year 

- size of kiln si te area 

- slope of the land 

- proximity of wood supply 

-• facilities for transporting 
cha rcoal 

For each key observation mentioned, stimulate discussion by 
asking participants to explain its importance as a factor in 
choosing an acceptable kiln site. 
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As k P participants to begin to examine the sample 
miniature kiln by completing Section B of tne 
"Sensory Analysis Guidance Sheet. 


Trainer Notes 


should be sharpened through continual practice 


Step 6. (10 minutes) discuss their 

Have participants share and discuss 

observati ons . 

Trainer Notes 


The flowing list includes see of the most important 
observations which should be discusse . 

- amount of smoke 

- color of the smoke 

- kiln si ze 

- kiln shape 


materials of which the 
kiln is made 


cracking or popping sounds 

- the presence of condensates 

_ temperature of kiln and smoke 

— signs of moisture and 
condensation 


For each key observation mentioned °" 

regarding^the'design^o^the^iln and/or the carbonization 
process going on inside* 


Ask P partic 1 pants“to S Lrefuny and slowly disassemble 
He kiln and record their observations in Section C 
of the “Sensory Analysis Guidance Sheet. 


Trainer Notes 


tribute the large forks and spoons to be used as tools in 

* kiln. 

should be encouraged to ^assemble the 
fas hi on » as long -as there is no excessive 

personal injury. 

:ti v i ty is on sharpening the use of the 
irily on demonstrating the proper kiln 
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Step 8. (15 minutes) 

Have participants share and discuss their observations. 
. Trainer Notes 


* Ask participants to point out similarities and differences 
among their observations at this point and those that they 
had prior to disassembling the kiln. 

* For each key observation mentioned, stimulate discussion by 
asking participants to explain what it might indicate 
regarding the design of the kiln, the carbonization process, 
and the type of charcoal found inside. 


Step 9. (10 minutes ) 

Distribute and explain Attachment 4-B, "The 
Carbonization Process." 

Trainer Notes 


* Explain that this Attachment provides a brief overview of 
the carbonization process and is meant to serve as a 
technical summary of the concepts discussed up to this 
point. 

* Encourage questions and comments among the participants. 

* Ask participants to review it carefully prior to beginning 
Session Nine, "Introduction to Kiln Construction." 


Step 10. (5 minutes) 

Distribute samples of different types of charcoal 
and brands to each participant and ask them to 
examine and compare them using their sensory 
perceptions. 

A 

Step 11. (15 mi nutes ) 

Distribute Attachment 4-C, "Sample Comparison of 
Charcoal and Brands" and have participants discuss 
their observations . 

_________ Trainer Notes ' 


* Some of the most important observations which should be 


discussed include: 


- differences between 

- wei ght 

charcoal and brands 


- moisture content 

- color 

- fracturing characteristics 


Continued 
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Trainer Notes/Continued 

* For each key observation mentioned, stimulate discussion by 
asking participants to explain what it might Indicate 
regarding the type of wood used, the carbonization process 
involved, the type kiln used, the potential uses for the 
charcoal, and its relative efficiency. 


Step 12. (5 minutes) 

Conclude the session by reviewing the objectives 
and asking participants to summarize ways in • 
which the senses play a role in charcoal making. 



Touch 

Texture 

Moisture 

Temperature 

Density 


Attachment 4~A 



SENSORY ANALYSIS GUIDANCE SHEET 



Attachment 4-B 


THE CARBONIZATION PROCESS 
Elements of the Combustion Phase 


wood 

being 

preheated 


burning 

wood 



cool smoke 


Wood is quite cool, but when 
water vapor condenses it gives 
its heat to the wood. , 


hot gases 
(containing much 
water vapor) 


surface at 
high temperature 


much air 

Temperature: ambient to 600° 

Products: carbon dioxide, 

water 


Elements of the Dehydration Phase 


wood 

being 

dehy- 

drated 



cool smoke 
(mostly water) 


Wood is at least 100 Q C, Hot 
gases cause water to evaporate 
freely by giving their heat 
to wood. 


Hot gases produced by some 
continuing combustion. 


Temperature: 100-120° 
Products: water 
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Elements of the Exothermic Phase 


wood 
giving 
off 

byproducts 

acetic 
acid, water J 
methyl alco- 
hol, tar, 
ca rbon 
monoxide , 
methane , 
hydrogen , 
nitrogen 



other 

air byproducts 


hot smoke 


Wood is between 270-600°C. 
Destructive distillation 
is taking place. 


Air reacts (circles) with 
byproducts evolved else- 
where, giving heat 
to the wood, thereby pro- 
ducing even more byproducts. 


Cooling Process 



500 ° charcoal . cool i ng down 
to ambient temperature 



Attachment 4-C 


SAMPLE COMPARISON 
of 

CHARCOAL AND BRANDS 


CHARCOAL 

QUALITY 

NOT CHARCOAL 

Drier 

Moisture 

Wetter 

Lighter 

Dens i ty 

Heavier 

Black 

Col or 

Not quite black 

Smoother 

Texture 

Rougher 

Brittle (weaker) 

Strength 

Resilient (stronger) 

Almost none 

Odor 

Definite, pungent 

Apparently none 

Coating 

Apparently on surface 

High-pitched resonance 
(metallic ringing) 

Sound 

Lower- pi tched resonance 
("clunking”) 

Smoother 

Fracture 

Rougher 

Even texture, 
often shiny 

Surface of 
break 

Uneven texture from 
place to place, 
usually dull 

Black through to 
center 

Color 

Gradations in color 
visible • 

Better 

Cleanness 

Wo rse 

More visible 

Growth rings 

Less visible 

More open 

Pores 

More filled 
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ASSESSING AVAILABLE WOOD RF.SmiRrrs 
Total Time: 2 hours 

Objectives: * To identify locally available tree species 

* To discuss the characteristics of charcoal 
produced from local species 

To gather and cut the wood to be used during 
the training program y 

Materials : Machetes approx. 15 - 20 buckets or baskets (20 lit 

capacity), saws and pruning shears (if available). 

- — — — — - Trainer Notes 

This session should be held at the kiln construction site. 

•j^Y S T* 1 ' S ?^ra°f, d - 

tirlLt! C ° mm fI!' ed tha * you fnvite a local villager to par- 
ticipate in this session by helping to identify local t-ppp 

species, their common names, and their uses (see Step 2) 


Procedures: Step 1. (5 minutes) 

Explain the session objectives and briefly' revi ew 
the procedures. ew 

Step 2 . (20 mi nutes ) 

Invite the participants on a tour of the forest area 
surrounding the kiln construction site along a 

tre^s peci es!* 6 ' tr3il begi " ^ e n 1 1 f ^ i n g 9 1 oc a 1 

— ; Trainer Notes. . 

As yo.u are walking, ask participants to point out examples nf 
coMon iocai tree species. Stimulate discussion 
the following questions: oy asKing 

- What are the distinguishing characteristics of this species? 
-What is its common name? 

- Is it a common variety in your worksite? 

r “Srksitp?* 116 ” 0it co """ on uses ° f th1s species in your 

— — — Gnnt-imiorl 
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Trainer Notes, Continued 


* In discussing the distinguishing characteristics of each 
species, be sure to emphasize the importance of leaf 
patterns, bark, and seeds in classifying trees. 

* Also, during the tour, be sure to point out any parti- 
cularly accessible sources of wood to be gathered 
during the next activity. 

* End the tour by returning to the kiln construction site. 


Step 3. (10 minutes) 

Explain the guidelines and procedures for the wood 
gathering activity. 

■ Trainer Notes 


* Explain that the wood gathered during this activity will be 
used in the kiln construction activities on Days 2, 3 and 4 
of the program. Point out that participants will be making 
charcoal from a variety of types of wood; therefore, it will 
be important to gather more than one kind. 

* Mention that, since participants will be working with 
miniature kilns all the wood that is gathered should range 
in sizes up to two centimeters in diameter. 

* Explain that wood should be cut into manageable lengths and 
carried or dragged back to the kiln construction site. 


Step 4 . (10 minutes) 

Explain the specific quantities, varieties, and 
types of wood that should be gathered and ask 
participants to determine the most effective 
method of collecting it in the time available. 

Trainer Notes 


* Explain that the training program will require the following; 

- 8 buckets (20 1.) of 4 varieties of dry wood 

- 4 buckets (20 1.) of 2 varieties of green wood 

- 2 buckets (20 1.) of any variety of rotten wood 


Step 5. (20 minutes) 

Distribute machetes, saws, and pruning shears to 
each group, and have them proceed with the wood 
gatheri ng. 
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Trainer Notes 


* Before the groups disperse, identify a member of each group 
that is familiar with the use of the tools and ask him/her 
to demonstrate their proper use. 

* As the groups are working, provide suggestions and guidance 
as needed . 


Step 6. (15 minutes) 

When all the wood is gathered, have the groups 
begin to cut it into the proper lengths. 

Trainer Notes 


* Demonstrate the proper length by cutting a few pieces in 
lengths of between 30 and 35 centimeters. 

* This work should be done in the shade with groups sitting 
or kneeling in a circle within easy listening distance of 
one another. 


Step 7 . (15 mi nutes ) 

Have a representati ve from each group explain the 
type of wood with which they are working and discuss 
its potential for use in charcoal making. 

Trainer Notes 


* Ask the groups to remain at their work sites, but to stop 
cutting wood during this discussion. The noise of the saws 
and the movement can be distracting and would 1 nhibi t *conver- . 
s at i on . 

* Stimulate discussion and dialogue among the participants by 
asking the following questions: 

- What is the relative density of the wood that you are 
cutti ng? 

- What effects, if any, might the wood's density have in 
determining the kind of charcoal it would produce? 

- How is this wood most commonly used in your work site? 

- Do you think that people would use it for making charcoal? 


StepS. ( 20 mi nutes ) 

Have the participants complete their wood cutting 
acti vi ty . 
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Trainer Notes 


* Encourage the groups to continue to informally discuss wood 
species that are common in their work sites and their 
potential for use in making charcoal. 

* As groups finish, distribute the storage buckets and explain 
that it is important to keep all the different types of wood 
in separate buckets. Each bucket should be labelled (i.e., 
oak, dry; or Gmelina, green, etc.), for ease of reference 
later in the' program. Green wood should be sealed and pro- 
tected from the air to prevent drying. 


Step 9. (5 minutes) 

Conclude by briefly reviewing the session and 
explaining that fuelwood use and management will 
be discussed in more detail in Session 7, 

"Wood Resource Management" on ' Day 2. 
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FIRE AND FOOD: THE DYNAMICS OF TRADITIONAL COOKING 


Total Time: 2 hours 


Ob jecti ves : 


Resources : 


Ma te r i a 1 s : 


* To prepare a meal using traditional methods 

* To compare the use of firewood and charcoal 
in meal preparation 

* To define and discuss the principles of heat transfer 

* Attachment 6-A, "Traditional Cooking Discussion 
Questions" 

* Attachment 6-B, "Fundamental Means of Heat Transfer" 

Pens or pencils, assorted traditional pots and 
utensils for cooking and eating, a traditional 
charcoal cooker, all necessary ingredients 
for a traditional meal, machetes, a supply of 
charcoal, a supply of firewood, kindling, matches. 


Trainer Notes 


* This session will require considerable preparation. It 
involves preparing a meal using traditional methods of 
cooking. Every effort should be made to have all the neces- 
sary materials ready in advance. This will save time 
involved in meal preparation and help to focus the activity 
on issues involved in comparing the relative efficiency of 
charcoal and firewood and on the pri nci pi es of heat transfer. 

* The fol 1 owing preparations should be made for Step 3: 

- A traditional charcoal cooker should be set up. The 
cooker should be selected from among varieties that are 
used In the country where the training is being provided. 

As an option, an improved variety of charcoal cooker may 
alsobeincluded. 

- Ample fuel for the charcoal cooker should be available in 
close proximity to the cooking area. 

- Sufficient firewood and the materials and tools necessary 
for building and maintaining a traditional open fire should 
be positioned near the charcoal cooker. 

- The entire cooking area should be cleared of brush as a 
fire control precaution. 

* The following preparations should be made for Steps a. and 5: 

- Develop a meal pi an co ns i s t i ng of two basic dishes selected 
on the basis of traditional acceptability, ease of prepara- 
tior. , and nutritional value. Preparation of each dish 

— — ■ — ■ Continued 
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should essentially consist of boiling or frying. Try to 
do all the necessary mixing, chopping, etc. in advance. 

- Select pots and utensils that are used traditionally in 
the country where the training is being provided. 

- All pots, utensils, and ingredients should be set up 
within close proximity of the cooking area. 

* An option to the meal preparation Is to have the partici- 
pants prepare a hot beverage such as tea or coffee using 
the open fire and charcoal cooker. 


Step!, (5minutes): 

Present the objectives and briefly outline the 
session procedures. 

Step 2. (5 minutes) 

Distribute and explain Attachment 6-A, "Tradi- 
tional Cooking Discussion Questions." 

Trainer Notes 

Explain that the questions are designed to provide a focus 
during the cooking acitivy. Encourage participants to discuss 
among themselves some of the issues raised by the questions as 
they are preparing their meal. 



Step 3. (15 minutes) 

Have the participants form two groups and prepare 
two types of traditional cooking fires. 

Trainer Notes 

Ask one group to prepare a traditional open fire usina rocks 
to support the pots and firewood. y 

Have the other groups prepare a charcoal fire usinq the tra- 
ditional charcoal cooker. 

Identify those individuals in each group that have had 
experience with traditional methods of cooking and ask them 
to assist others in starting the fires. 

Step 4. (10 minutes) 

Reconvene the groups and explain the procedures for 
preparing the meal . 
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Trainer Notes 


* Point out available pots, utensils, and ingredients for the 
mea 1 . 

* Explain that the meal will consist of two basic dishes 
selected on the basis of their traditional acceptabi 1 1 ty , 
ease of preparation, and combined nutritional value. Each 
work group will prepare one dish using the fire that they 
have built. 


Step 5. (30 minutes) 

Have the participants form their work groups and 
prepa re the meal . 

• Trainer Notes 


* Identify those individuals in each group that have had 
• experience in preparing similar dishes and ask them to 

assist others. 

* Circulate among the groups and provide assistance and 
suggestions when needed. 

* Throughout the activity, stimulate discussion by calling 
participants' attention to relevant points from the list 
of "Discussion Questions." 


Step 6. (20 minutes) 

Have supper. 


Trainer Notes 


* As they are eating, encourage participants to informally 
discuss and share their experiences with the fires. 


Step 7. (15 minutes) 

Reconvene the groups. Distribute Attachment 6-B, 
"Fundamental Means of Heat Transfer" and discuss 
the three types of heat transfer. 

___________ Trainer Notes 


* Ask the participants to define radiation, conduction, and 
convection. 

* .Encourage participants to refer to their Discussion Questions 

and illustrate their definitions with examples from their 
experience with the traditional cooking activity. Ask for 
examples of where radiant, conductive, and convective heat 
transfers occurred during the meal preparation. 

* Briefly discuss ways of slowing down unwanted heat transfer. 
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Step 8 . (15 minutes ) 

Have the participants compare the charcoal cooker 
with the open fire in terms of efficiency and ease 
of preparation. 

Trainer Notes 


* Stimulate the discussion by asking the following questions: 

- Which fire seemed to use more fuel? Why? 

- Which fire was easiest to manage and maintain? Why? . 

* Encourage participants to refer to the "Discussion Questions 
and illustrate their responses with examples from their 
experience with the cooking activity. 


Step 9. (5 minutes) 

Conclude the session by explaining that the com- 
plexities involved in determining the relative 
efficiency of charcoal and firewood will be 
discussed in more detail in Session 8, "The 
Problem of Fuelwood Scarcity." 

TrainerNotes 


* Before dispersing, ask participants to clean up the work 
area and thoroughly extinguish all fires. 



Attachment 6-A 


TRADITIONAL COOKING DISCUSSION QUESTIONS 

Des i gn 

What are the major design features of your fire (or charcoal 
cooker (i.e., draft system, smoke control, baffles, flues, 
chimneys, construction material, etc.)? 

Starting the Fire 

What problems did you encounter in starting the fire? 

How long did it take for your fire to heat up? 

Was there much smoke? 

Preparl ng the Meal 

How often did you need to add fuel? 

Did the fire stay lit? 

Was there much heat loss? 

Did the pots fit well over the fire? 

Once heated, did the dishes hold their heat? 

Was there much smoke? 

After the Heal 

Was your fuel source easy to handle? 

Was there much work involved in preparing the fuel for use? 

How long did yourfirehold its heat after the meal was prepared? 
How much fuel did you use? 
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WOOD RESOURCE MANAGEMENT 


Total Time 


Objectives 


Resources 


Materials 


2 hours 

* To list and discuss possible wood sources for 
carboni zat i on 

* To discuss principles of wood resource management 

* To describe how wood sources can be utilized for 
.making charcoal 

* Attachment 7~A, "Fuelwood Production in Traditional 
Farming Systems" 

* Attachment 7-B, "Why is it so Difficult to Grow 
Fuelwood?" 

* Attachment 7-C, "Definitions of Major Wood Sources" 

Newsprint and felt-tip pens 

Trainer Notes 


* Prior to this session, prepare on newsprint the following 
three-column, chart outline: 



Procedures: Step 1. (5 minutes) 

Explain the objectives and briefly outline the 
sessi on procedures . 

Step 2 . (15 mi nutes ) 

Post the chart outline and have the participants 
brainstorm a list of possible wood sources for use 
i n ma ki ng cha rcoal . 

Tra 1 ner Notes 

T .l .1 . .. ^ ■■III, ' ■ ■■ ■■■ I »ll — >■— » ■ 

* Record their responses in the left-hand column of the chart, 

* Some major sources which could be'Msted Include: 

Conti nued 
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- plantations 

- woodlots 

- mill scrap 

“ logging waste 


natural forests 
agricultural fallow 
land use conversion 
a gro- forest ry 


Step 3 . (30 minutes) 

Distribute Attachment 7-A, "Fuelwood Production in 
Traditional Farming Systems," Attachment 7-B, "Why 
is it so Difficult to Grow Fuelwood?", and Attachment 
7 - C , "Definitions of Major Wood Sources" and allow 
time for reading. 

Step 4. (20 minutes) 

Ask the participants to identify and discuss some 
of the major difficulties involved in the management 
of each of the wood sources listed. 

Trainer Notes 


* Stress the importance of citing examples based on their 
experiences at their work sites and/or based on the issues and 
examples in the reading material. 

* Stimulate discussion and the sharing of personal experiences 
by asking the following questions: 

- How are wood resources managed at your work site? 

- What are some of the cultural and economic factors which 
influence wood resource management at your work site? 

- What possibilities exist at your work site for better 
utilization of available wood resources? (i.e,, salvage 
operations, agro-forestry , etc.) 

- What can you do to help people manage their wood resources? 


Step 5. (15 minutes) 

Ask participants to identify and discuss the types 
of charcoal which could be produced from each of the 
sources listed. 

TrainerNotes 


* List their responses in the middle column of the posted 
newsprint. 

* Stimulate discussion by reminding participants of the rela- 
tionship between wood density and- charcoal density discussed 
during the wood gathering activity. 

* Ask participants to explain the effects of kiln design on 
thetypeofchar coal produced.. 
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Step 6. (15 minutes) 

For each type of charcoal listed, have participants 
determine whether it would be best for home or 
industrial use. 

Trai ner Notes 

* Record their responses in the third column of the posted 
.newsprint. 

* Stimulate responses and discussion by Identifying ideal 
characteristics of home and industrial use charcoal. 


Step 7. (20 minutes) 

Using the completed chart as a reference, ask 
participants to give specific examples of how wood 
sources available at their work sites may be 
utilized in making charcoal. 



Attachment 7 -a 


— Tran van Nao 

, ^ T^n van Nao are members of the FAO 

B. Ben Salem and Th1s ar ticle is taken from a 

Forestry Depa ^1®J5* for the United Nations Conference 

sre/is sr.::::?. sS.*rc 

August , 1981. 

fnpiwood in the developing world illustrates 
The 5 lstor y/ru™i communities on forests and trees. Over- 
the dependence °J ^ pra1 h 11c j -up 0 f fuelwood shortages, with new 
time, there has been a J 0 fpr rura l people in meeting their 
problems continually ■ At the same time, environments, under 

daily fuelwood requjrem h ’ deteriorated. Should these trends 

contl nue^ln^ certain parts of the world the very survival of pop.- 
lations will be in jeopardy. 

~ „ t-hP existence of this situation are well 
The t doduI ati on pressure has usually been recognized 

documented. Grow p p l0 factor> But whatever the relationship 

betleen m the trend i n human population and Increasing fuelwood shortag 
between cne u . t1 on u must be noted that the relation- 

and envlronmen a ISJ* t?2d 1 1 1 onal farming activity and the role 

ships among rur forestry have for a long time been neglected of 

and potentia of jural J 'ores sufficient fuel and other j 

Sri- v nt .1 to ?««1 populations , but Held also | 

JnStribSte to stabilizing the foundations of food production systems i 
iid u dipping or reversing the Impoverishment of the rural environ- 

ment as a whole. 

Traditional Farming i 

Across the world there are fuelwood shortages in precisely those, 
areas that are under the most agricultural pressure. These include j 
all the arid and semi-arid regions under tropical, subtropical and j 
Mediterranean climates, as well as some wetter zones with high ^ , 

population density. The most important features of these areas are | 
the vulnerability of the wood resources and the risk Involved in 
exploiting them becuase of soil fragility and cl Imatlc fluctuations. | 
For both economic and social reasons, the only available energy ; 

source for the rural, and part of the urban, populations Is organic ; 
material, especially wood and charcoal, j 

Traditional farming systems have often succeceded in Integrating 
activities and in providing a reliable and sustained supply of wooa j 
for local needs. A brief description of some of the traditional i 
farming systems Illustrates the potential efficiency of rural . ; 

forestry in a wide range of environments, ranging from the humid to ; 
the arid regions . j 
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Traditional Home Gardens 

Throughout Southesast Asia ( Mai ays i a , I ndone.^ ' ^ ^ ^ ^ tradi- 
Viet Nam, Thailand), on fertile lowlan ortance in feeding whole 
tional home gardens are of fundamental P^ vegeta tion of the 

populations. In this system, the mu - nroviding year-round 

tropics is formed of trees useful to man in provioirg y 

fruit, food, fodder and fuelwood. 

. Fuelwood is obtained fro. pruning, 
wood, and from coconut leaves and shells. . x coconu t palms more 

persons, fuelwood requirements can hnmp oardens have helped to 
than five years old. The liable source of fuel- 

maintain soil fertility and ti prov e a 63 percent of all 

wood. It has been reported that in “^. Ja ha t in centeral Java, 

fuelwood was obtained from farmyards, a gardens. The 

49 to 81 percent of all f ue 1 v y 00 d ^”1® Java was Estimated at between 
production in one watershed in central Java was 

7 and 9 m 3 /ha/year. 

The Combretum-Ri ce System 

In Southeast Asia, in areas tc^s i ^months! the Combretum- ri ce 
from 1,500 to 2,000 mm over fiv consist mainly of rice cropping, 

system is common. Farming activit f t trees have always been planted 
which is done in the rainy season, but f^have are ; emarcate d in 

in conjunction with rice product . sm#11 dikes which are planted 

the form of squares of 1 hec ^ aljlar Sometimes Calophyllum 
with two rows Q-fGQmbret^umquadr gl duce seeds from which 

i nsophyl 1 urn is planted on larg Combretum is managed under 

oil is extracted and used fo r lig hti ng . oo s< This means 

a coppice system with a r ° ta ];]. one fifth and one sixth of the 

that each year farmers cut bet ween I r J duc ti 0n from the first 

total length of their dikes. Fue!w 4O0 1inear metres 

C pe“year! S Infhfsecond ’and third rotations, this production may 

double. 

Bush-Fallow Systems, 

, 4 - Hnnc n f the shifting cultivation which occurs 

extensively^ Africa, Ti ty^nd' to supply^Sral ^peopl e 

wi tf fuel woodffoddefand m^nor ^forest products . fl number ot hush- 

fallow systems are of particular in 

■ » fallow system has long been used in 

regenerating v r ^ fge areas . » 

IVot ifesfn SSfSI-S””?. thi: d .;?Jii. 0 « f rpi. are 

is produced in a well-defined rotation. 

In Kurdistan and in the Zagros^mountains^of^lran^ thejo^ 
people use a system which ^nv^Jh the land is plowed and culti- 
^tefwltfharu;: ^ftfr’only one crop is harvested, » Is 
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left to fallow for three to five years to allow the natural vege- 
tation to re-establish itself. Total fuelwood production from the 
vegetated part may be estimated at 15 to 25 m J for the fallow period 
of about fi ve years . 

In southern Iran, farmers practicing irrigated agriculture 
deliberately plant crops of Tamarix spp. around their fields to 
protect vegetable crops. When the land is abandoned after the 
well water becomes salty, they plant tamarisk trees to reduce soil 
salinity before moving to another piece of land. This, in addition 
to fuelwood, produces sticks for their vegetable crops. After, 
three to four years, the trees are dug up and both roots and aerial 
parts are used for fuelwood. On the basis of 200 trees/ha. between 
4.7 and 6.5 m 3 of fuelwood could be collected after four years, in 
addition to between 0.8 and 1.2 m 3 of roots. 

Legume-Tree Food Crops 

This system has been used over a considerable area in semi- 
arid ecosystems where soil fertility and moisture availability are 
limiting factors to food crops. Dwellers in these zones encourage 
the regeneration and growing of the trees to maintain soil fertility 
and to produce fodder and fuelwood. 

Shade-Tree Industrial Crops 


Use of shade trees for industrial crops (coffee, cacao, 
pepper and tea) is well documented. In Sri Lanka, Clyricida spp. 
provide live support* stakes for pepper vines or shade trees for 
tea plantations. An appropriate pruning operation can yield a 
limited amount of fuelwood each year. Although this yield may be 
small on a hectare basis, the potential contribution is large in 
view of the total area devoted to combination tea and pepper 
plantations in the tropics. 


Trees planted in shelterbelts and windbreaks to improve local 
microclimates and to enhance the quantity and quality of crop yields 
are used in the agriculture of many countries as environmentally 
effective hedges. Apart from its effect on crop production the 
system also provides cash crops and a substantial amount of’ 
fuelwood. 


flu snow 


Other examples of rural forestry could also be cited A' 
a variety of forestry practices and successful adaptations to 
meet fuelwood requirements. There are, however a number n f°f 0 ,t 
Which distinguish then, from classical p1aS?l!Eton f„?est™ Fins) 
fuelwood products in farming communities are from a variety' of 

■?? er i; 1 an ? come f '' 01 " * w1de tenge of woody species 
Farmers will often plant not one but several species „?t«I es, v.. 
purpose species, to cover a variety tf , f f . . ! often multi- 

production and sustenance of these * 4 . ? ^ ^ ^ in the 

toil fertility. the subsistence economies!' ?HelwbS3 XT '" 8 
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regarded in the past as a by-product of the efforts to produce 
enough food for the family. 

A third feature of farming communities is their relatively 
low consumption of fuelwood. Subsistence farmers have tradi ti onal ly 
kept their fuelwood requirements in harmony with their actual needs. 

The practices described above suggest that under such conditions, 
where land is not scarce and where peasant communities are able to 
produce their own food and to integrate trees into their land-use 
systems, immediate and long-term requirements for fuelwood can be 
ensured. For a number of decades, however, this system has been 
under increasing pressure from a number of separate and related 
causes originating not so much in technical factors as in the land- 
use system itself. Early attempts to improve subsistence agri- 
cultural systems emphasized annual cash crops. The extensive culti- 
vation required by such crops reduced the tree cover and exhausted 
soil fertility. Trees no longer improved soil fertility through 
nutrient recycling and humus supply, so commercial fertilizers had 
to be used. Although they were partly successful, they increased 
farmer dependence. Another factor was the intensification of live- 
stock grazing without due regard to fodder production, which led to 
greater pressure on available woody resources and to the shrinkage 
of woody grazing grounds. 

With the advance of large rural settlements and the expansion 
of cities, fuelwood, which used to be a free commodity, entered the 
market and was traded not only for cooking and heating purposes but 
also for a variety of artisanal and industrial uses such as brick 
and lime making, tanning, ceramics and pottery, brewing and food 
additives. This resulted in a rapid decline of fuelwood resources. 
Peasant communities found themselves with rising shortages which 
forced them to search farther and farther afield in order to meet 
their needs . , 

Potential and Limits of Rural Forestry 

The previous discussion s trongly i mpl i es that rural forestry 
is the most natural solution to the problem of fuel in the rural 
areas, and that trees and forest vegetation can be integrated in 
the traditional land-use system in a variety of ways. Finally, it 
clearly demonstrates that such integration is not mere coincidence 
but the result of well-thought-out systems designed to improve sub- 
sistence food production and to control land degradation. 

These . concl us i ons have important policy implications in rela- 
tion to fuelwood production. They suggest a need to re-examine 
past plantation models, which have been based essentially on inter- 
vention in the forest domain and in the so-cal 1 ed wastelands . A 
concept of forestry is required which will spread across the whole 
spectrum of land management. The agricultural sector, for instance, 
ought to include forest trees. Here, fheir role would be to support 
agricultural production, diversify income and control lend degradation. 

Between 2 and 5 percent of agricultural land can be opened up 
for tree pi antati ons according to various tree-planting patterns 
without any loss to agri cul tural production. This could have a 




Attachment 7„/\ 
Page 5 


+ . nn thp basic problems of food and land amelioration 

great impact on the basic pru . tho rural sector, 

while providing the necessary tueiwooa 

T , . „ lamontat i nn of this policy will require a program to 
The Tinplementat dni J nal forestry in agricultural 

improve and/or introduce tradi deve , opmG „ t 0 f a number of 

technical Solutions associated ** t *\ ^ 

and farminq It will also require that forestry that 1., now largely 
production- oriented must become oriented as well 0 agricultural 
improvement . Fuelwood and fodder production would then become the 
twS most important products. This would require d much more inti- 
mate knowledge of the tree species best adapted Lo the region and 
the people, but it would not eliminate the need for developing, 
through genetic selection, fast-growing strains of local and exotic 
species which are relatively unaffected by local pests, diseases 
and biotic factors. Nor would it eliminate the need for developing 
silvicultural systems adapted to different levels of rural produc- 
tion systems. 

The Socio-Economic Framework 


Before we can expect any success in the implementation of such 
a program, the previous socio-economic framework, which has brought 
about the over-exploitation of trees on agricultural lands, will 
need to be fully understood. What will readily work In one region, 
for example, will not work in others. In some areas, trees and s hrubs 
could be introduced without upsetting the local economy because of 
large holdings or because of the existence of intensive agriculture, 
In other areas, this would not be possible because land holdings are 
too small and people are dependent on them for food. In uplands 
with small farming communities, trees could not be introduced with- 
out assistance to those now dependent on plant cover for part, If 
not all, of their livelihood. 


If traditional forestry practices are to become an integral I 
part of rural planning, farmers will have to be the object of special! 
information campaigns and will have to be tra ined in tree planting I 
and management. This can be done either individually or collective^ 
thlc ’ the Political authorities will have to recognize that j 

an thoVfl^h 011 0f fo :; es ^ and agriculture fs becoming more urgent! 

s h or ta op n f ° f colnbl ’ nation of increasing population and 

shortage of wood for man's most basic needs, especially fuel. ] 
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Matching the trees to the appropriate 
systems of agriculture - some examples 
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WHY IS IT SO DIFFICULT TO GROM FUELWOOD? 
Raymond Noronha 

Raymond Noronha Is a sociologist on the 
staff of the World Bank. 


For a large part of the world's population, wood is the main 
source of energy for cooking, heating and all kinds of local 
manufacturing. But the forests that produce this wood are under 
increasingly heavy pressure. This gives impetus to the necessity 
of looking to village woodlots as one of the most important means 
of dealing with the wood-energy crisis. 

Two basic assumptions should be made: first, that the tech- 
niques of establishing woodlots are well known; second, that trees 
serve a variety of human needs and are one of the cheapest sources 
of energy. If there is no dispute about these assumptions, why is 
it that village woodlots are not springing up all over the country- 
side in the developing countries where they are so badly needed? 

The reasons are not technological, but social and political. 

Examples of both successful and unsuccessful woodlot programs 
are few, and relatively recent: China, the Republic of Korea, India 
(Gujaret), Tanzania and Niger. However, all of these have been sub- 
jected to intensive scrutiny. 

China 

Over a period of 30 years, from 1949 to 1978, the forest area 
of China increased by 72 million hectares, representing 12.7 percent 
of the land area. The main cause of this increase was the mass 
mobilization of rural communities. National targets were set and 
then translated into specific goals for districts, brigades and 
communities . The revolutionary spirit pervading the program, as in 
all other Chinese programs, called for rebuilding and renewal. The 
organization for this purpose already existed; the division of tasks 
was prescribed uniformly throughout the nation and implemented by a 
hierarchy of officials and cadres. 

Republic of Korea 

The Korean example, which has been more highly touted than the 
Chinese as a model for other developing countries, seems more dramati 
Until 1973, all efforts at controlling forest degradation had failed, 
and seedlings planted by foresters were cut within six months of 
planting. Since the villagers traditionally regarded forest land 
as a free source of fuelwood, the result was a loss of forests around 
communities and the increasing use of leaves, grass, rice straw, 
maize stover and other agricultural residues for fuel. 

The Republic of Korea embarked on a four-fold program in 1973 
which involved the strengthening of the Forest Department, the 
passing of the new Forest Law, and the launching of an extension and 
public information campaign. This gave encouragement to the planting 
of trees, to conservation measures and to enforcement of the new law. 
The prohibition of leaf-raking and removal of grass litter within 
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forest areas was enforced and a national reforestation scheme was 
started to create fuelwood plantations in every village. 


India (Gujarat) 

The story in Gujarat is slightly different. By 1969, it was 
realized that the reserved State forest areas were dwindling through 
constant incursions by the rural population for their fuel, fodder, 
and building-pole needs. Further, the rural population was 
increasingly compelled to use agricultural residues and dung or 
fuel, thereby affecting agricultural returns. The two principles 
used by the Forest Department in trying to reverse this trend were, 
first, to provide a demonstration effect--to show people that trees 
could be grown with profit and for comparatively quick returns; and 
second, to conduct an extensive public information campaign. In 
implementing the former, the Government was induced to hand over- 
responsibility for road and canal sides to the Forest Department, 
which planted trees there. 

While the program of planting on government lands and encouraging 
individual tree-planting could be described as a runaway success, 
the village woodlot program is lagging. Starting in 1974, the Fo 
Department decided to get village panchayats, or locaHy elected . 
bodies, involved in reforestation on village commons. The approach 
differs significantly from that of the Republic of Korea. The 
Department requests the village to set aside a portion of its lands 
for reforestation and undertakes all the work ° f e ® tab1 s ^ me j£ » . 

maintenance and protection. These are now called /Tlhe net sl\l 
plantations. At harvest, the village receives half of the net sale 

proceeds. 

In addition, there are self-help village plantations where the 
Forest Department provides only free seedlings and t ® chnl 5 a L rtllt 7fl 
assistance. To date, there are only 2,500 supervised, and about 70 
self-help village plantations, representing about 14 percent of the 
villages in the State. Although Forest Department officials plan 
to increase their efforts to convince more panchayats to undertake 
community woodlot plantations, lVwould appear that their ef forts 
will not be as successful as in the promotion of individual forestry. 

Tanzania , 

Village woodlots in Tanzania have also not been entirely a 
success . The program, however , is relatively recent, having begun 
only in 1975. The organization and process of decision-making closely 
parallel those of the Republic of Korea . The basic unit, in an 
uiamaa villaqe is the village assembly which elects a council and a 
leader who is also the party secretary. In addition to working 
their own plots, villagers have to provide communal labor. Program 

f5:lSi!Sw5 '5Jti.i5It.At -.in... 

the ward , <|i Vi » district and region. At the village level, 
the village advi s er who is also the man-ager, is a government- . 
appointed official . This framework all ows for planning and deci s ion- 
making directly at the village level . Although there is an inter- 
linking of government and elected personnel 

the regional , together with provision for participation by the 
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people, the vil 1 a ge woodl ot program has yet to achieve anything 
tike the success of the Korean and Chinese programs. 

Niger 


Even less of a success was the effort to establish 500 hectares 
of village woodlots in Niger under a World Bank project. "As fast 
as the trees were planted," said one observer, "the village people 
ei ther.pu! 1 ed them out or allowed uncontrolled grazing to take 
place. Of another village woodlot program in Niger, this one 
funded hy CIDA, it was said that "effective local participation in 
reforestation has been throttled by an exclusive rel iance . . .on a 
community woodlot system ill-suited in the socio-political context 
to serve as a vehicle for reforestation efforts..." 


Social Factors 


What are the reasons for the successes and failures of the 

f£om r ?hL d fh C r bed ? bove? Are there a "y Principles to be extracted 

Projects usefully . a PP 1ied to future village woodlot 

projects, or is each case, as is sometimes suggested uniaup with 

no possibility of minting the experiences o/om prij^rto’nnother 

by eastern ■ 9 ' fS 5? m0 9 e "°“s: it is not segmented 

among ’all fil lagers Ld^Tinfhe^" 6 ’ 3 • Su.lity 

government commitment ti tles labltlSmeS? ^vi?!^!™”,- ,s 

This commitment takes the ^ 0 ? b dSetam aS s tnre P 

mU rt rthe P s U . H - e<,uc = t,on low enforcement n?s Jot 31" 

with ’ms 'r?t wner *° part ' 

from growing trees. It is also not Hiffilfi?"! ° f the P rocee ds 

incu^penal t ies ^'enforceable 1 by ^ i fSre to 

Hv Th1rdl 

wKViu'rA?: 7o? u : u f i? ; a ur' 

projects are finally determined at thl w^iry ’l tvel! “ 9 " eedS a " d 

planting has expan ded ,* f ! "a g^woodl ots "ut at uJ tkat " Mle individua 
on my recent visits there and u !t , ‘J “f 15 this S »T Based 

some reasons. First, the Indian villaae 3!?^ t t an try to offer 
heterogeneous. There is a nmesir age ’ unlike the Korean, is 

a e fI" re Jh 9ni2ed tradl * f 1 ’ onal occasions^uch as^S a ? sociate only on 
a few other occasions, such as fl n as tem P le festivals. On 

common-, but only within a tradition!??^*?™ 6 S ast ? s do act in 
tradition of commnnal action til'll ^ > •• 

1 eaders hi pfas Vespons P ble P ° m fl “t rusted ° d a 0t h dfd take h< > ld ' dynamic 

y Planting trees on his own land and : 
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that they, too, should have their own woodlot. Why did he decide 
on a self-help scheme rather than one in which the Forest Department 
would do everything for him? "Because, 11 he said, "I refuse to pay 
the Department 50 percent of the profits for work on our land 
which is, in any event an overpayment." Where did he get funds, 
since his panchayat was poor? "People trust me. When I need 
money I approach rich villagers who give me anything I ask for." 

A second key factor for village woodlots is the availability 
of land. There must be enough agricultural land for the local 
community. The village commons should be large enough so that 
villagers do not feel that reserving land for forestry will affect 
their other needs, particularly grazing. Also, the area set aside 
should be large enough for the harvest to meet the needs of all 
villagers. The percentage of villages capable of satisfying all 
of these conditions is small. 

Third, governmental support for the program is essential. In 
Gujarat, while there is complete support for the forestry program, 
support does not appear to be as wholehearted for the village com- 
munity woodlot program. 

A fourth point is that Gujarat, like the Republic of Korea, 
has made the transition from individual initiators to a flexible 
organization that retains the spirit of the initiator with the addi- 
tion of an extension network which reaches down to the village. 
Sociologically, it might be said to have made the transition from 
charismatic leadership to bureaucracy. 

Fifth, labor for plantations and maintenance continues to be 
a problem, since there is little available locally and most has to 
be supplied by migrant tribes. Local workers are usually tied to 
contractors or bound by social and economic ties to landowners who 
are reluctant to free them during agricultural seasons (when many 
of the forestry operations are carried out). 

Sixth, there is a problem of distribution which will soon have 
to be faced. It is unlikely that special preference will be given 
to the poorest sections of the village population. More likely, 
all villagers wil share equally in the harvest if the village 
panchayat decides to distribute the fuelwood. Even more likely, 
however, is that the harvest will be sold and the proceeds applied 
to other priority needs determined by the panchayat. In this sense, 
village woodlots may fail to achieve their goal of alleviating the 
villagers* fuelwood needs and reducing their present dependence 
upon agricultural residues and dung as fuel. 

In Tanzania, although the organizational pattern bears a close 
resemblance to the Korean one, the problems in establishing village 
woodlots are similar to those of Gujarat. Tanzania is a nation 
with tribal affiliations that hinder common action for a non-tradi- 
tional activity like forestry. 
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The complex land-tenure system in Tanzania prevents alloca- 
tion of land for forestry. The abolition of freehold land in 
1 963 and the vesting of land in the State mean that the farmer sees 
his holding as temporary; he is not convinced that he will reap 
the benefits of tree crops eight to ten years after planting. At 
the same time, villagers are unwilling to set aside lands which, 
despite nationalization, are still believed to belong to certain 
groups and which are therefore utilized and inherited according to 
traditional systems of tenure. 

Another problem is that the villagers are willing to use only 
hardwoods for fuel. They will not take wood from industrial planta- 
tions because they believeit burns too quickly. Nor will they accept 
charcoal from softwood, despite the fact that its effective caloric 
value per unit weight is the same as that of hardwood, the cost of 
production identical, and the price only half that of hardwood 
charcoal. 

According to John Spears, who is responsible for forestry at 
the World 3ank, the reason why the World Bank project in Niger failed 
to achieve its target of establishing 500 hectares of village wood- 
lots was because villagers "had not been involved in formulating 
the project and because they perceived the village woodlot area as 
a traditional ground." But numerous other factors were i nvol ved . 
Collective action was lacking. Self-help projects were generally 
imposed by government officials without local participation. Com- 
munity schemes required interdependence and not everyone could be 
counted on to do his share of the work. The returns from community 
woodlots were too small to encourage participation. There was a 
great deal of emigration during the agricultural off-season, placing 
a burden on a few to maintain and protect village plantations. Few 
villagers believed that wood would be distributed free at harvest; 
they felt that the Government or some rich villagers would get all 
the benefits. Since all the inputs were provided free of cost by 
the Government, the villagers did not identify with the project; 
moreover, the free provision of inputs reinforced their belief that 
it was a government project of which they would not share the 
benefi ts . 


Effective Village Forestry 
Government Commitment 

If afforestation programs are to succeed, there must first be 
a commitment on the part of the government. This commitment must 
be expressed in three ways: giving priority to afforestation , 

" ‘ " '. and the provision of staff. Where any of these 

afforestation programs falter. 

rical and socio-political constraints 
Historically, the major emphasis of 
sding their populations and, where 
plus for export. In pursuit of this goal, 
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thev have consistently supported the settlement of people in 
forested areas. There has been little attempt at conservation of 
timber resources, largely because these were considered more than 
adequate until the last two decades. 

Planning bodies that influence economic development in 
developing countries are not staffed with foresters; they 
flooded with economists, administrators, the occasional sociologist 
or anthropologist, and agriculturists. In these disciplines, 
forestry plays a minor role because fuelwood, for instance, and 
its use by the majority of the rural population do not enter into 
national accounting systems since so little of It is bought. The 
urban population, with which planners come into contact^on a more 
regular basis, uses charcoal, wood (which "mysteriously appears 
from the countryside), kerosene, gas and electricity. 

Related to this is the official view of the role of a forestry 
department in countries where this does, in fact, exist. lie 
forestry department has had to preserve the country s forest 
resources and to extract commercial species of timber. The 
forester's main qualification was his knowledge of tree species, 
his contacts with people were meant to be limited to a few poachers 
Sid som^more^f f 1 uent hunters . With Increasing population and 
the hunger for land, he has fought a losing battle to maintain his 
domain 9 If there is to be change, therefore, forestry departments 
“h^ve enhanced status. Training should include courses in 
nrartical sociology and extension techniques in an effort to 
eliminate the idefthat forestry is concerned only with the preser- 
vation and reforestation of reserved forest areas. 

To many governments of developing countries, the cry for invest- 
ment n fuelwood resources is a step backward in the pursuit of 
“ 1 s S generations now, developing countries have been told 
linaor better that electric central heating is more pro- 
gress i ve 9 than fuelwood stoves, that diesels are better than coal- 
fired 1 railway engines, and that cars are better than horse-drawn 

ca rri ages . 

Transition 

The soread of new ideas and methods is usually the result of 
with n flmiliar ’problems! 1 n'U^nde^sS 

levels.. 

This nrocess of transition is one of. the most di fficul t--for 
rules cln kill! It is a transition that has been fel i *}'*»*'*. 

? Lh-! a learning process in three stages: learning to be 
off ectl ves^l earning to'bo efficient; and maturity through learning 
to expand . 
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Im pl ementat i on 

Few existing programs address the problems of implementation 
of a village woodlot program such as maintenance or the question 
of distribution of the harvest. These are contractual obligations 
which must be settled at the outset. 

Most analysts remark that maintenance of woodlots is one of 
the intractable problems. It is here that the difference between 
the self-help villages of the Republic of Korea and the super- 
vised villages of Gujarat is most evident. In the former, it is 
the villagers who maintain their woodlot, but in the latter, labor 
is generally hired by the Forest Department. Except in a few cases, 
this labor comes from outside the village. Only when the villagers 
are responsible for its maintenance will they believe that it really 
is their woodlot. 

A similarly difficult problem is that of distribution of the 
harvest, a problem again solved only in the Republic of Korea. In 
Gujarat, the few plantations that reached maturity created a debate 
over whether the harvest should be shared locally or sold for a 
profit. 

In short, village priorities are not necessarily the same as 
those of outsiders, who might want to give preference to the poor 
or vice versa. 


Conservati on 

Many reforestation programs only deal with the supply side of 
the fuelwood equation. Few attempt to alter the demand aspects. 
Probably this is because current fuelwood programs only meet a 
fraction of existing minimum requirements. Nevertheless, un ess 
there is a changed philosophy toward fuelwood use, supply will never 
catch up with demand. Some programs have jj ce 

conservation methods through, for example, the c ?" s £™£ti°n n L C cess 
improved stoves. The only program that appears to have been success 
ful is the introduction of the “Lorena* stove in Guatemala. In 
Africa, the same stove had limited success. 

Aaencies dealing with international development in many parts 
of the 5"ld are punning to increase their support of renewable 
pnerav resources, and village woodlots are fundamental. However, 

the problems that affect the acceptance ® J SSrl 1 

transcend the technological and are essent ally *® c io-cul tural , 

economic and locally political. What i tinders ta ndi nq into 

will inqness to understand people and to put that understan ing 

the design and the running of programs, wherever they may be. 
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DEFINITIONS OF MAJOR WOOD SOURCES 


The following list represents a basic summary of some important 
aspects of managing various wood resource systems: 

- The management of natural forests involves sustaining their 
output without damaging the growing stock through either 
even or uneven aged management. 

Plantations are usually even aged, but can provide yields 
of different sizes and types of material over a long period 
of time (i.e., through thinnings for bean poles, firewood, 
fence posts, etc.) 

- Collective and/or individual wood lots can be managed as 
plantations or natural forests. They are often mismanaged 
as a result of communal politics. 

Mill scraps , logging waste and land conversion arc all sources 
resulting from other ongoing forestry operations. 

Agri cul tural fall ow provides a supply of wood when trees and 
brush which have been planted in a planned, rotational cropping 
system or which have naturally seeded at the end of a cropping 
cycle are cut to prepare for the next crop cycle. It is not 
generally thought of as a potential source for charcoal and 
is usually burned in the fields for its value as fertilizer. 

It should be noted, however, that the burning process and 
resultant soil damage usually negate any real benefit to the 
soil. 

- Agro- Fores try involves the integrated management of a land 
area for both food and fuelwood crops. Charcoal can be one 
of the resulting products. Management may be individual or 
collective. 
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THE PROBLEM •OF FUELMOOD SCARCITY 
Total Time: 2 hours 


Ob j ect i ves : 


Resources : 


* To identify and discuss the causes and effects 
of the world fuelwood problem 

* To discuss the role of charcoal production in 
• the problem 

* To identify possible solutions to the world 
fuelwood problem 

* Attachment 8 - A : "The Other Energy Crisis: Firewood 

* Attachment 8-B: "Direct Energy Efficiency of 
Charcoal Production" 


* Attachment 8-C: "How the More Expensive Fuel Can 
Be Cheaper to Use" 

* Attachment 8-B: "How the More Expensive Fuel Can 
Be Cheaper to Buy" 

* Attachment 8-E: "World Charcoal Use Fact Sheet" 


Materi al s : 


Newsprint, felt-tip pens (optional: screen and 
film projector). 

Trainer Notes — 


As an option to use of the "Worldwatch Paper No. 1", it is 
recommended that the Film, "Firewood: The Other 
Crisis", be shown. The film is an effective and stimulating 
means of presenting the world fuelwood scarcity problem. The 
“Worldwatch Paper No. 1" deals with essentially the same 
issues as the film and is identified as a resource due to an 
understanding of the difficulty of acquiring films for use 
outside the United States. However, every effort should be 
made to acquire the film prior to the training program, 
can be ordered through: 

Dick Young Productions Ltd. 

1 18 Rivers ide Drive 
New York , NY 10024 
( 21 2) 787 -8954 

Review and^explaln the session objectives. 

Distributed ttachment 8-.A, "Worldwatch Paper No. 1" 

and allow participants time to rea 
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Step 3 . (20 minutes ) 

Ask the participants to identify some of the causes 
and effects of the world fuelwood crisis brought o„ 
in the reading material (or film). u 


Trainer Notes _______ 

* List their responses on posted newsprint. 

* Some of the major causes and effects which should be 
mentioned include: 


- population 

- land converted to 
agricultural use 

- changing weather patterns 

- overgrazing 

- changes in eating habits 

- displacement of people 

- urbanization 

- erosion 

- use of dung 


- lower crop yields 

- lower water tables 

use of forests for lumber 

- flooding 

- silting of rivers 

- crime 

- lack of money 
attitude of defeatism 

- destruction of animal 
habitats 


effects "a re ^1nterrelated r (i e e WayS ,B 
wMrh a ?! d /T , ; ti0n ,eads t0 increased land con vers 1 on 

fuelwood, shiftin^trirban^^easretJ? 61 ^ 315 ’ 1eSS available 

Uon]"a! V Ue?J S „J? k 3 i? t e es ^ a " ,p ' eS ° f fUe1wood “•'•city sltua- 


Step 4 . (lo minutes) 

E^nl b Ffr- a " d explain Attachment 8-B, "Direct 
Energy Eff 1C iency of Charcoal Production." 


charcoal production^esumNn^di re^i t0 niustrate that 
potential , even when i^ 


^tep 5 . (20 minutes ) 

Fee, r c. b ; t , e . A cV. , . C p h .Vt n 0 t ^ *»• M »re Expensive 

"How the More Exo’e-nJiuo ? \ a " d Attach "ent 8-D, 
and ask pafuc L C ?! Reaper to 

individuals would choose*^* lde ^ tlf y reasons why 
of 1ts a PPa rent inefficiency^ 6 Charcoa1 in spite 


Trainer Notes 


* T R h eC ° rd the1r respoi ' s « »n posted ne»^^ 

6 f0ll ° " ,n9 P ° intS Sh0 “' d ^ -ted and diseased 

• 4fi ‘ Continued 


Trainer Notes/Continued 
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- smokeless 

- easy to sell, store, measure 

- status 

- charcoal stoves are inexpensive, efficient, and portable 

- industrial demand for charcoal 

- ease of transporting and shipping due to reduction of 
weight and bulk 


Step 6. (20 minutes) 

Distribute and discuss Attachment 8-E, "World Charcoal 
Use Fact Sheet." 

Trainer Notes . 

* Ask participants to describe the charcoal use and control 

situation in the country where the training is being provided. 


Step 7 . (20 minutes ) 

Have participants identify and discuss possible 
solutions to the world fuelwood crisis. 

Trainer Notes 

* Record their responses on posted newsprint. 

* Some important possible solutions include: 

- more efficient charcoal production methods 

- improved wood resource management 

- improved designs of charcoal cookers 

- improved designs for wood-burning stoves 

- use of retained heat cookers 

- population control 


- further development of other energy sources (i.e., biogas, 
sol ar , etc . ) 
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THE OTHER ENERGY CRISIS; FIREWOOD 

by Erick Eckholm 

World Watch Paper 1 
September, 1975 


Dwindling reserves of petroleum and artful tampering with its 
distribution are the stuff of which headlines are made. Yet for 
more than a third of the world's people, the real energy crisis is 
a daily scramble to find the wood they need to cook dinner. Their 
search for wood, once a simple chore and now, as forests recede, a 
day's labor in some places, has been strangely neglected by diplo- 
mats, economists, and the media. But the firewood crisis will he 
making news--one way or another--for the rest of the century. 

While chemists devise ever more sophisticated uses for wood, 
including cellophane and rayon, at least half of all the timber cut 
in the world still fulfills its original role for humans--as fuel 
for cooking and, in colder mountain regions, a source of warmth. 
Nine-tenths of the people in most poor countries today depend on 
firewood as their chief source of fuel. And all too often, the 
growth in human population is outpacing the growth of new trees-- 
net surprising when the average user burns as much as a ton of 
firewood a year. The results are soaring wood prices, a growing 
drain on incomes and physical energies in order to satisfy basic 
fuel needs, a costly diversion of animal manures to cooking food 
rather than producing it, and an ecologically disastrous spread of 
treeless landscapes. 

The firewood crisis is probably most acute today in the countries 
of the densely populated Indian subcontinent, and in the semi-arid 
stretches of central Africa fringing the Sahara Desert, though it 
plagues many other regions as well. In Latin America, for example, 
the scarcity of wood and charcoal is a problem throughout most of 
the Andean region. Central America, and the Caribbean. 


An Economic Burden 

As firewood prices rise, so does the economic burden on the urban 
poor. One typical morning on the outskirts of Kathmandu ,> Nepal ' s 

ch?i5!ln C lH*+h watched A Stea ^ flow of peopl e--men and women, 
children and the very old--trudge into the city with heavy, neatly 

chopped and stacked loads of wood on their backs. I asked my taxi 

?n T“ ch their ’? ads - f ° r "hie they had walked several 
hours into the surrounding hills, . woul d -sell for. "Oh, wood a verv 
expensive item!" he exclaimed without hesitation. Wood prices are 
costs m 2 o y ^. tOP1C of conversation in Kathmandu these days/ "That loai 

^pees " tKJ%XX W -- Tw V e r s ago > U sold for six or seven 
..L 6 ?' This 300 percent rise in the price of fuel wood has in 

principle al'ternatiwp the escaUti "9 cost of imported kerosene! the 
or cp/hL! • rnatTve energy source for the poor. But firewood 

the growing di ff icultv wi th'wh^h" ke ^ ene prices > also reflecting 

as much to run a KathiLn/^h^ 1 / ?!! od 1s procured * It now costs 
0 ", a lli thmandu household on wood as on kerosene. 

48 - 
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The costs of firewood and charcoal are climbing throughout most of 
Asia, Africa, and Latin America. Those who can, pay the price, and 
thus, must forego consumption of other essential goods. Wood is 
simply accepted as one of the major expenses of living. In Niamey, 
Niger, deep in the drought-plagued Sahel in West Africa, the average 
manual laborer's family now spends nearly one-fourth of its income 
on firewood. In Ouagadougou, Upper Volta, the portion is 20 to 30 
percent. Those who can't pay so much may send their children, or 
hike themselves, out into the surrounding countryside to forage-- 
if enough trees are within a reasonable walking distance. Otherwise, 
they may scrounge about the town for twigs, garbage, or anything 
burnabl e . 


It is not in the cities but in rural villages that most people in 
the affected countries live, and where most firewood is burned. 

The rural landless poor in parts of India and Pakistan are now 
facing a new squeeze on their meager incomes. Until now, they have 
generally been able to gather wood for free among the trees scattered 
through farmlands, but as wood prices in the towns rise, landlords 
naturally see an advantage In carting available timber into the 
nearest town to sell rather than giving it to the nearby laborers. 
While this commercialization of firewood raises the hope that entre- 
preneurs will see advantage in planting trees to develop a sustain- 
able, labor-intensive business, so far a depletion of woodlands has 
been the more common result. And the rural poor, with little or no 
cash to spare, are in deep trouble in either case. 


With the farmland trees and the scrubby woodlands of unfarmed areas 
being depleted by these pressures, both the needy and the entrepre- 
neurs are forced to poach for fuel wood in the legally protected 
ecologically and economically essential national forest reserves. 
The gravity of the poaching problem in India has been rafkcU 
the formation of special mobile guard-squads and mobile courts ° 
trv caDtured offenders, but law enforcement measures have littu 
tff'lVu Such In untenable situation. Acute f ^-od scare ,ty 
has undermined administrative control even n China, where trees on 
commune plantations are sometimes surreptitiously uprooted for 
almost as scon as they are planted. 

Trees are becoming world ."dUp'li! the'cnce heavily ° f 
forested ^"SttKllw Nepal ..Journeying out to ga ther 

SSiMSfc- — or tSo. 


Ecological Consequences 

Because those directly suffering.its consequences are n fa jj 1ne the 

ate and wood shortages lack c h£o?ld attention. In a way, 
wood crisis has not provoked muc world problem, for fuel wood 

there is little point in cal li n i zed m/its apparent 

scarcity, unlike oil scarcity,^ fue i woo d to be carried or 

dimensi ons. Economics J? es f rom where it grows, let alone 

trucked more than a ow ” h ' Modern barrel of oil. 

the many thousands of miles traverse vy 
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Unfortunately , however, the consequences of firewood scarcity are 
seldom limited to the economic burden ' pi aced on the poor of a pap. 
titular locality. The accelerating degradation of woodlands tfirouah 
out Africa, Asia, and Latin America, caused in part by fuel era the J'' 
lies at the heart of what will likely be the most profound ecol 0 f J 
challenge of the late twentieth century. On a global basis, an 9 9 

ecological threat to human well-being far more insidious and 
intractable than the industrial pollution of oyr air end water-- 
which has preempted thinking on environmental quality-r-is the 

rising populations continue their search for firewood , ‘ , 

,nt v he 5 ~.Jd , r n ”hjj 

* etp * 1nt0 »»>■•”• underground pools W *“ r 

Dang erous Substitutes ' ' . 

scarcity^rilrobaMrnorth^^Lt^ucfcfon^rr 5 result of ^>ewo't)d 
t e alternative to whicS a good Jhm 7t tl *?' * ?°- ver 1tself > but 
itan and Bangladesh have been forced a People in India, Paki- 

village in the subcontinent is l visitor to almost any 

hand-molded dung patties dryinq 9 in the su omn j present Pyramids of 

s • ^ ::W- 

: r uvj ;* • «“:??. ?-°s 

»Mch Hue fu J: 0r 9am'c maUria s--humS s S »„5 6 ff'^re to return 
structure and I;::?,’** a " essential rule i„ TLf • so,) organisms 
matter holds the rt '-, ltJ ' nsede <l for productive P e eSe • U1,19 the S »H 
reduces the fn P’«e » he n rai „f a f , f “ I ,n ' n 9 : Organic 

they are appl ied 6 ^ hns P °' 1 Ut 1 ns rundff 0 f chemical W, J <I blows , and 
'ed. thus increasing the efficilncv L". U P ents »l'°re 
Peasants in th « i rT1 ciency of their use. 

rtvs,.. . the U D 1 3 n He . ? c * 


Ill* u tree branches JL.^ e COuntr y in the late ?gfin» A ^ ni tec ^ Nations 

and glasses °bei ng^Sut "fopOfue 

’^^^the 0 practice ^Pf ^both*'| ; ^p-JIotgc^fv|^ ^for home ^ fuel nd 

c ctn> 

oductivity in Eastern Nloerfe 2? scar Sfty 

iigeria, where the Tlv 
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people have been forced to uproot crop residues after the harvest 
for use as fuel. Traditionally, the dead stalks and leaves have 
been left to enrich the soil and hold down erosion. 


A C losing Circle 


The increasing time required to gather firewood in many mountain 
villages of Nepal is leading to what the kingdom's agricultural 
officials fear most of all. For, once procuring wood takes too 
long to be worth the trouble, some farmers start to use cow dung, 
which was formerly applied with great care to the fields, as cooking 
fuel. As this departure from tradition spreads, the fertility of 
the hills, already declining due to soil erosion, will fall sharply. 
In the more inaccessible spots, there is no economic possibility 
whatsoever of replacing the manure with chemical fertilizers. 


And so the circle starts to close in Nepal, a circle long completed 
in parts of India. As wood scarcity forces farmers to burn more 
dung for fuel, and to apply less to their fields, falling food 
output will necessitate the clearing of ever larger, ever steeper 
tracts of forest — intensifying the erosion and landslide hazards. 
Even Nepal’s key economic planning body, the National Planning 
Commission, now says that if present trends ^conti nue , a semi - 
desert type of ecology in the hilly regions will be created. 

Though most dramatically apparent in Nepal, this sam< > 

phenomena threatens the future habitabi by northern Pakistan 

of Himalayan foothills, from Afghanistan through northern fakistan, 

lnd"r and Nepal to Burma. And the negative consequences by no 

means *stop a^he base of the hills.. When soil ‘ 

£ rks r p!ost S threaten! ng o? all to food product on Prospect o 

the Indian subcontinent, where nearly one « Tn 

lives, is a rise in the frequency result of denuded 

Pakistan, India, and possibly icklv anc | of the excessive 

watersheds off which rain J al ! r J h t h 2 ilds up river beds, reducing 
load of sediment from upstream that builds up river 

their capacity to channel water. 

Fi rewood scarcity, then, ^ 1 [J^ , J atel D ^ f J 1 r estation t and f the diversion 
facing many countries^ two 1 w “^ * inq the land's ability to pro- 
of manures to use as fuel ^sabotaging cial put it, "Even if we 
duce food. Meanwhile, as an Indian ^ {he year 2000, how in 

somehow grow enough food for (0 ur people in y 

the world will they cook it. 

A Renewable Resource 

The firewood crisis is in so "® i "^ S 0 * 0 J.pe industrialized world, 
intractable tla" ^ att acked from either end, through 

Resource scarcity can usual y 


- 51 - 
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the conservation of demand or the expansion of supply. The world 
contraction in demand for oil in 1 974 and early 1 975 , for example , 
helped to ease temporarily the conditions of shortage. 

But the firewood needs of the developing countries cannot be 
massively reduced in this fashion. The energy system of the truly 
poor contains no easily trimmable fat such as four to five thousand 
pound private automobiles represent. Furthermore, a gl obal 1 reces- 
sion does little to dampen the demand for firewood a$ i,t . temporaril 
has in the case of oil. The unfortunate truth is th^t^th^'-aniount 
of wood burned in a particular country is almost completely deter- 
mined by the number of people who need to use it. In' the absence 
of suitable alternative energy sources, future fireWood needs in 
these countries will be determined largely by population growth. 

Even if demographers are surprised b# quick progress in slowinq 
population growth over the next feMepatles, the demand for basic 
resources like firewood will still push many countries to their 

^T t !!!f e, T tr ? eS : “? ,Uo 0,1 « are a renewable resource when nrooerl 
' ‘ ; If? ’°9 ,ca1 ^mediate response to the firewood short!™ 

one that mil have many incidental ecological benefits is f„ 

s„T„n tre ° S >> la " ta M° ns > on Urms - a '»ng roads" in she Ue^ bCns 

dnd on unused land throughout the rural arpac tu ^ Dolts, 

For many regions, fast-g?c„ ng tree i es °L 'I* *° ST* i ’ 65 ' 

can be culled for firewood Inside of a decade. aVa ' ,ab,e that 

In e n:a°rfy eP aSi%hlTL e d.?hlt t co:„ P {Mfs nt n at1 ° n h 1 5 not ' Governments 
grams for some time--for several deride^ 6 had t, ’ ee l>1anti '>'J Pro- 
forestry departments in partilulaJ ha^ nlJ/T Cas<?3 - Natio " a ' 
to boost the supply 0 f wood Drndnrtc 3 !!/!^ be ® n aware P f the need 
forests for a habitaMe eSviro°«nf 1‘ ' nee ? t0 PFes.erve 
Plagued these programs from the beginning. Problems have 

t»"I growth need .T 0 '' «°° d > a " d the scale „f 

>ts acceleration in the post-war e?I°“has’ sllllf su ; pr i sed m any with 
tree planting efforts nf mam, „ . a ? " as swallowed the moderate 

almost negligible ™t ny A countnes > rendering their imnlrt 

taken on a far greater scal'e than 9 most 9rams W1 ^ have to be under- 
— ^ a re„ 9 dent i,‘U* coni 

Jo a second major obstacle 

a. d??iuL 0l aIi C,an “> concentrate '.K feed - *■* (A 

Se and seem, ngly long-term In natlre! °" “ P r o bl ci" 
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Political. Cultural, and Administrative Tangles 

even when the political will is there and the funds are allocated, 
implementing a large-scale reforestation campa.gn .s an unexpec 
tedly complex and difficult process. Planting miTlT°nsoftree s 
and successfully nurturing them to maturity is not * ^hnical, 
clearly boundaried task like building a dam or a chemical fertilizer 
plant. Tree planting projects almost always become deeply enmeshed 
in the political, cultural, and administrative tangles of a rural 
locality; they touch upon and are influenced by, the daily liv. g 
habits of many people, and they frequently end in failure. 

Most of the regions with too few trees also have too many cattle, 
sheep, and goats. Where rangelands are badly overgrazed, the K 
of /young sapling present an appetizing temptation to ** f o‘'ag.ng 
animal. Maraudl n g 1 1 vestock are prime destroyers of tree planting 
projects throughout the less developed world To be success f ul , 
then, reforestation efforts often require a fornn I h l 
tive effort to protect the plants for years-.-not to mention the 
monitoring of timber harvesting and replanting activities once the 

trees reach maturity. 

Village politics can undermine a program as well. A" If^slons 
Ft-hinnia a few vears back presents an extreme case, but its lessons 
are plain A rural reforestation program was initiated as a public 
workf scarce \oTeip control erosion and supply loca « ? o nee . 

The planting jobs were given to the local P°-* *Irn In the 

planting program 1 / Seedl?ngs'we?e jj a f^uted, P’ 

^ r $££ ! j J s K ny areas ---- 

had been planted upside down! The 1 a ”°; ®‘ * * , ' knew that qiven the 
difference between roots and branches, they a • . , 

feudal land-tenure system In which they were living, most of the 
benefits of implanting would flow one way y 

fo? lubstal^d «gei on aVoject that brought then, few personal 
returns . 

In country after -untry th^sa.^lesson^has^been. learned^ tree^ 

k?,ks: be n -i 

program from the beginning, anu u +1 . nr nn ro r + 

Its own project and provide labor at little or no cost. 

Alternative Fuel s, ' . -v ; • 

Whatever the success of tree planting projects . the wider: substitu- 
tion of other energy sources ^ he ^ e S^the 1 f 1 rewood W p?oblem. 

the last century and a half. 
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t' vents of the last two years, of course, have abruptly altered 
energy use trends and prospects everywhere. The most widely over- 
looked impact of the fivefold increase in oil prices, an impact 
drowned out by the economic distress caused for oi 1 - import i ng 
countries, is the fact that what had been the most feasible substi- 
tute for firewood, kerosene, has now been pulled even farther out 
of reach of the world poor than it already was. 


In a sensibly organized world, taking into account the total picture 
cf energy, ecology, and food, the oil distribution picture would 
look far different. The long-term interest in preserving the pro- 
ductive capacity of the earth and in maximizing welfare for the 
greatest number of people might argue for lower prices and a rapid 
increase, not a halt, in the adoption of kerosene and natural qas 
in the homes of the poor over the next two decades. This in turn 
would be viable for a reasonable time period only if the waste and* 
comparatively frivolous uses of energy i r, the industrial countries 
which are depleting petroleum reserves so quickly, were cut sharply. 

“ossil fuels are not the only alternate energy source beino mntnm 
->"? “ver the long term, many of tto s ® * 

& i 1 &:■:%?■ B a ,r d r e ? tio " s - 

in the evening »i th soLr energy conec^ e^HeV?: di „"" 6r 

“min" orthe P wo n r 9 1 d's h m ost t ?;ad?;?on n b t o r0d d C " , H 3 U to "2"-^* S?* 

is another story! trad,tion-bonnd and penniless families 

tSn n b t rl, t ks h d a „ , wn P ma:“e r s <, an f d 0r o?h e e! deS “ Uh a " ideal 

■ethane gas for cookino I fii! d 0ther or 9 anic wastes into 
thousand of these bio-gas plants as^thev^ J° r *?? I arm ‘ 0ver eight 
-sed in India. Without a substantial ^ l* ca led ’ now being 

t*ey will only slowly infilt™*! a1 k red uction i n cost, however, 
villages where the fuel problem ic n hundreds of thousands of rural 
Plants are adopted, those too Door ?‘" 0W1ns1, Additionally, as the 
*arse off than ever IpnioJ J P 2?r. to own cattle could be left 
to afford bio-gas Stu ed traduional access to dung but un~hi« 

countries. the fue ' source of the future in mSst ^oor 

1 ^ teras of energy N Pn3 i 

«&nL h ? lit •!•?« . m o„ e 

■countries with P a °f 1emS a1so make Nepal one of i-hf t ^ CauSe so fflar, y 

Of thii re 0 I?cTw?ff a S Ped MroelectrU pS ,S; e,J ' ni ?9 
s®.»§ of the ... ( / rce wi n be expensive » n H -i puce . * Explolta- 

•v hepei *a nd P nort hern fM?* « fo t ' I 1 / 0 "" 1 relieve 

*■* . isolated villaoL T r* rewood demands s }!l5* f f hea f electricity 
Mlly feasible. 9 " the ru 99H Himalayas My JevfI e K tr,f,cat1on 

-i--.. > r,ev er be economi- 
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( Firewood scarcity will undoubtedly influence governmental perceptions 
of the population problem in the years ahead. It spotlights the 
urgency of slowing population growth through action on several 
fronts: making family planning services universally available, 

encouraging the liberation of women from traditional roles, meeting 
the basic social needs such as rudimentary health care, adequate 
nutrition and literacy that are usually associated with reduced 
fertility, and re-orienting social and economic incentives to promote 
smaller families. 

The firewood crisis, like many other resource problems, is also 
forci ng governments and analysts back to the basics of man's rela- 
tionship with the land--back to concerns lost sight of in an age of 
macro-economic models and technological optimism. Awareness is 
spreading that the simple energy needs of the world's poorest third 
are unlikely ever to be met by nuclear power plants, any more than 
their niinumum food needs will be met by huge synthetic-protein 
factori es . 


Firewood scarcity and it$ attendant ecological hazards have brought 
the attitude of people toward trees into sharp focus. In his essay, 
"Buddhist Economics," E. F. Schumacher praises the practical as well 
as esoteric wisdom in t|lr.e Buddha's teaching that his followers should 
plant and nurse a tree every few years. Unfortunately, this ethical 
heritage has been largely lost, even in the predominantly Buddhist 
societies of Southeast Asia. In fact, most societies today lack an 
ethic of environmental cooperation, an ethic not of conservation for 
its own sake, but of human survival amid ecological systems heading 
toward collapse. 


This will have to change, and fast. The inexorable growth in the 
demand for firewood calls for tree planting efforts on a sca.le more 
massive than most bureaucrats have ever even contemplated, much le^s 
planned for. The suicidal deforestation of Africa, Asia, and Latin 
America must somehow be slowed and reversed. 

loaical systems have a logic of their own; the damage often build* 
quietly and unseen for many years, untU one day the system c °g 3 J pses 
with lethal vengeance. Ask anyone who lived in Oklahoma in 1934, 

or Chad i n 1 975. 


ERIK P ECKHOLM is a Senior Researcher with Worldwatch Institute. 

v an Assoc i ate Fell ow at the Overseas Development Council, 

of By Bread Alone and author of the forthcoming 
bool! Around: F nilronmehta— tr ess and World Food Prospects . 

(W. W. Norton, 197677 

Thitf paper Is adapted from the author's book, LoiijigGrou^^. and 
lay^Tartlally Reproduced ^"^ 0 “ author 

directors* officers, or s taffy , 
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WORLD CHARCOAL USE FACT SHEET 


CHARCOAL USE IN DEVELOPING COUNTRIES occurs primarily in urban 
areas where people's energy needs are great and available sources 
of wood are often great distances away. 


IN CASES WHERE FUEL MUST BE TRANSPORTED more than 50 - 80 kilo- 
meters, it is more efficient to convert wood into charcoal. The 
reduced wei ght and bulk of charcoal make it possible to transport 
more potential energy at a cheaper price than transporting firewood. 


URBAN AREAS ARE DEMANDING CHARCOAL because it can be made available 
more cheaply than firewood and is easier to handle in congested 
urban areas. This demand strains available wood resources in rural 
areas and increases many of the fuel wood- rel ated problems of rural 
peopl e . 


THIS CONFLICT OF INTERESTS AND NEEDS between urban and rural 
peoples has resulted in a variety of governmental attempts to 
control charcoal production throughout the world. For example: 

- the government of Gambia has passed laws which prohibit 
all types of charcoal production; 

- Kenya has established permit requirements which make it 
almost impossible to legally produce charcoal ; and at 
the same time, 

- Senegal has placed price controls on charcoal and 
consequently encouraged its demand and use. 
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Total Time: 45 minutes 


Objectives 


Resources : 

Ha t e r i a 1 s : 
Procedures : 


of ic i? n ^pes eX|>erfe " CeS with an ‘ | /or knowledge 

common"kn f n types XP,ai ” " lajor <lesi 9 n features of 

Attachment 9 -A: "Common K |l„ Types" 

* Attachment 9 -R • n . 

Basic Principles of Kiln Design- 
Newsprint and felt-tip pens 

Step 1 . (5 minutes) 

the procedures ! S1 ° n objectlve s and briefly review 
Step 2 (10 minutes) 

on V L„spri„ a t rt ^eir n past f °eTpe 3 He U „ P r ° f 3 ' 5 a " d record 

of kiln types. P riences and/or knowledge 


* 


Trainer Notes 


they have h se t en a o? hla°rd fbou^ ° r Sketch k n " types 

^1^!" 9r ° UP P ° St thelr when they have fi n , s( , ed . 



minutes ) 

Distribute Attachment q,a -r 

Attachment 9 -b «R a<; j r * D *• Common Kiln Types" and 

a " d a ”““ for panic, r Ja n SJ s P 't e p S 

5 *® p 4 ' . (] 5 minutes) 

the basic C design fea tj res ‘o f ^.a °h * d ?" * 1 fy and e xp1af n 
'"usbrated onVta^ T-A^c^^k? 

m t m « 


Tra i ner Notes 


Stimulate di^ruccinn i 1 1 — 

Parallels which exist hot Sk ^ n ^ aac h volunteer to identifv 

-•"* **•••« h b r^ n s „%rj„ n •*«.«;&.- 

Recnrw 8 P in the previous activity, 

are discuss^ B,M|, . r,nt l-P^Unt design features as they 

be discussed S incl^de; UreS and cons i derations which should 

Continued 
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Trainer Notes/Continued 


- heat transfer 

- draft systems 

- sizes of kilns 

- temperature cycles 

~ kiln volume/capacity 

- front process 

- cost of ki 1 n 


- ease of operation 

- cultural acceptability 

- portabi 1 i ty 

- basic design 

- construction materials 

- efficiency 

- labor required 


Step 5. (5 minutes) 

Conclude by asking one of the participants to 
briefly summarize the essential design features 
of kilns. 


Trainer Notes 


* Mention that the considerations discussed in this session can 
provide the context for the next session on kiln design, 

* Explain that the term "kiln" is used to refer to charcoal 
production methods in general, including retorts. 
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COVERING 

\ 



SASIC DESIGN FEATURES 
FOR A CHARCOAL KILN 
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ILLUSTRATIONS OF THE FRONT PROCESS 
DURING CARBONIZATION 


SMOKE OUT 




COVERING 



AIR IN AIR IN 

a) DIRECT 


SMCKI: 
OUT 



AIR IN SMOKE OUT 

b) INDIRECT or REVERSED 


AIR 

IN 


TYPES OF DRAFT SYSTEMS IN A CHARCOAL KILN 

"i 



FRONT 

a) RECTANGULAR EARTH-COVERED KILN 



IARCOAL/ 

i^ yv-'ZiwEoj: 

HOOD- 




b ) LARGE PORTABLE METAL KILN 
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Session 10, Day 2 


KILN DESIGN 
Total Time: 
Objectives : 


Mater i al s : 
Procedures : 


1 hour, 15 minutes 

* To develop a complete kiln design plan 

* To present and discuss kiln designs with others 
in the group 

Newsprint, felt-tip pens, pencils or pens, paper. 
Step 1 . (5 mi n utes ) 

Briefly explain the session objectives. 

Step 2. (10 minutes) 

Outline the procedures for developing kiln designs. 


Trainer Notes 


k Explain that participants will divide into groups of three or 
four and develop, in writing, a kiln design plan which 
includes the following components: 

- a list of design criteria 

- a list of necessary materials 

- a list of necessary tools 

- an estimated cost 

- a sketch or drawing of the design 

* Stress the importance of beginning the design process by 
identifying design criteria. 

* Suggest that one way to develop a design is to have each 
member of the work group sketch as many kiln designs as 
possible on notebook paper, then choose one sketch which 
best meets the group's criteria. 

* Remind participants that they will have only two hours to 
construct and fire their kilns, so the designs should not 
be too complex or difficult to construct. Also, mention 
that on Day 3, there will be ample opportunity to modify 
and re-design the kilns based on the experience of this 
first run. 

* Point out that each group will present and explain its 
design when they are finished. 
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Step 3. (25 minutes) 

Have the participants form their work groups and 
develop their kiln design plans. J H and 

— Trainer Notes 

Circulate among the groups and offer ascict-moa . 

6e careful not to force your ideas £n them rtfff su ^0estior 
encouragement in the form of suggestions? ° ff Support and 


Step4. (30 minutes) 

3es? g "„ Ve p n fa„ t s? 3r0 " PS 3 " d have them P^sent their 
~~~~~~~ — — . Trainer Notes 

^.minutes) 

J?*‘ s ession» W part j'cfpants ^?, eXpla1 '’ ‘hat in the 

f,re the ‘Pe;^a P v a e nt d e r;” ed C “" StrUCt ’ ,oad - a "« 


Session 11, Day 2 


KILN CONSTRUCTION 


Total Time: 2 hours 


Objecti ves : 


Resources : 
Mater i al s : 


* To construct miniature kilns based on design plans 

* To load, fire, and seal miniature kilns 

* To discuss problem-solving techniques used by 
work groups during the design and construction 
activities. 

A sample kiln {for demonstration purposes). 

Machetes, saws and pruning shears (if available), 
wood for making charcoal (see Session 5), hoes, 
shovels, large forks and spoons, assorted sizes and 
lengths of metal pipe, tin cans, 20 liter buckets, 
assorted metal working tools, wire, sheet metal, 20 
liter cans, 1 square meter of clay, 1 square meter 
of sand, several large buckets of water, a supply 
of succulent, green organic matter. 


Trainer Notes 


* This list includes those materials considered essential in 

carrying out the activities involved in constructing, loading, 
firing, monitoring and extracting the kilns. 


Trainer Notes 


* This session will require preparation. It will be necessary 
to construct a sample, miniature kiln to serve as a basis 
for demonstrating, loading, and firing. (See Steps 3 and 6). 
It is recommended that this sample kiln be a CASAMANCE type, 
since it represents a basic variation of the traditional 
kiln and employs all the basic design features of a charcoal 
kiln. 

* The kiln site should be made ready by having all the neces- 
sary construction equipment available, and by making sure the 
appropriate fire precaution me a s ures have been taken, 

* To save time later in the evening, it is suggested that the 
materials and resources for the ni ghtwatch activity (see 
Session ,12) be brought to the kiln site as well . 


step, T-i (5 itiinutes) 

Briefly explain the objectives of the session 
and outl ine the procedures ; 


jtBp 2, (30 minutes) 

Have the partici pants form their work groups and 
construct miniature kilns based on the design plans 
developed in the previous sessi on . 


• 7 1 
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Trainer Notes 


construction" involves gathering the necessary 
materials and setting up the kiln site to the point of Y 
being ready to fire the kilns. ^ 

ull !?S Ch WUh how the 9 rou P s are proceeding, takinq 
too?s! etJ! SU " estions ’ demonstrate the proper use of 

their a kilns r - UP t0 adV1Se y ° U When they are ready to load 


Step 3. (15 minutes) 

When the work groups have completed construction of 
the,r kUns, demonstrate proper loading and cover?no 
techniques on the sample kiln. y vering 


Trainer Notes 


As you are loading the sample kiln, it is important tn 
demonstrate and explain the following techniques: 

- wood placement 

filling and packing to minimize internal air drafts 
construction of firing point 

- covering with earth and vegetation 

aiii-"""""':'-*"”::":::":: ::.w - 

s :s:.s ;s s;:,-:?, k'sstik,::" 


Step 4. (20 minutes) 

complete theS old iUo re 5 Ur " t0 . their kiln sites and 
complete the loading and covering of their kilns. 


Trainer Notes 


gi^ance'wK^eLar;" 9r0ut,s a " d suggestions and 


Step 5. (15 minutes) 

kilVanri W ^ k £ "'°“ ps t0 9athe ’' ar °und the sample 
techniques? SerVe " S y0 " de »nstrate proper firing 
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* Trainer Notes _ — — - 

* Take a few minutes at this time to review the basic fire 
precaution procedures explained in Session 4, "Introduction 
to Carbonization." 

* In demonstrating firing techniques, be sure to stress the 
foT 1 owi ng: 

- the use fo coals from an external fire 

-packing coals into firing chamber 

- high smoke volume as signal to seal kilns 

* Stimulate discussion by asking participants to explain the 
relation of each technique to such principles as heat transfer 
draft, and fire safety. 


Step 6. ( 1 5 mi nutes ) 

Have the work groups return to their kiln sites 
and fire their kilns. 


Trainer Notes 


* As one group completes the firing of their kiln, have them 
provide assistance to any other groups that may be exper- 
iencing difficulties. 


Step 7 . ( 1 5 mi nutes) 

When all the kilns are fired and burning, 
reconvene the group and discuss the problem- 
solving techniques used by each work group during 
the design and construction processes. 


Trainer Notes 


Ask participants to give examples of some of the difficulties 
they have experienced as development workers in working wi 
groups and communicating new technical concepts o s 
country individuals . Ask them to compare these examples to 
experiences they had working with their work group during 
the design and construction activities. 

Stimulate discussion by asking the following questions: . 

_ Was there a particular pattern to the problem-solving 
, techni ques used by your group? 

- What was the most challenging phase of the afternoon's 
activities for your group? 

- 1 you Uink ‘there .woul^be 
with host country individuals' 


d i ffere nt ? 


— - :i 7 3 


If not , how wcul d they 
Continued 
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Trainer Notes/Continued 


s ty 1 es with one 


Step 8. (5 minutes) 

t^ e session by remindinq oartirin^tc 

fsi.* in: :us t : ct,vu,e * **™ u c , , n 7 ts 



Session 12, Day 2 


NIGHTHATCH ; MONITORING AND EXTRACTION 


Total Time: 
Objectives : 


Materials: 


8 hours (approximately) 

* To identify signs which indicate that kilns are 
functioning properly 

* To identify signs which indicate that kilns are 
functioning poorly 

* To repair malfunctioning kilns 

* To discuss the potential health and safety hazards 
associated with kilns 

* To extract a kiln 

* To identify grades of charcoal 

(see "Materials" for "Kiln Construction", Session 11) 

as des i red--tents , sleeping bags, mosquito repellant, 

candles, lanterns, flashlights, ingredients and 

utensils for preparing a meal, coffee, tea, music. 


Trainer Notes 


* The nightwatch activity will continue until the kilns have 
been extracted. It is estimated that firing the kilns at 

6 PM will allow them to be ready for extraction at 
approximately 1 or 2 AM. 

* An appropriate informal atmosphere should be established for 
this activity. It is recommended: 

- that participants set up protection from the e 1 eme nts (i .e . , 
tents, sleeping bags, mosquito repellant) 

- that there is an ample supply of light sources (l.e., flash- 
lights, lanterns, candles, etc.) 

- that a dinner be prepared on an open fire or using charcoal 
cookers 

- that there be coffee or tea, and music available for 

the later hours when enthusiasm and energy may be waning. 

* This session is designed to allow for considerable latitude 
in timing and execution, depending on individual trainer 
styles and the needs of the participants. It is recommended 
that the trainer remain sensitive to the group's need for 
both rest and stimulation. For example: 

- Part 1, "Monitoring and Trouble-Shooting" should occur in 
an ongoing fashion as problems or indications arise. 

Continued 
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Trainer Notes/Continued 


Part 2 , "Health and Safety Factors" can occur at a time when! 
the group seems to need some stimulation (perhaps late in 
the night). 

Part 3, "Kiln Extraction" will need to occur as a final 
activity whenever the kilns are ready to be disassembled. 


PART 1 : 
Total Time: 
Procedures : 


MONITORING AND TROUBLE-SHOOTING 
Continuous throughout the 8-hour period. 

Step 1 . 

Circulate among the kiln sites and discuss examples 
of kilns which appear to be functioning well. 


Trainer Notes 


Invite participants to gather around the kiln and exolain 
why it seems to be functioning well. explain 

Stimulate discussion and dialogue by asking: 

- How do we know that this kiln is functioning well? 

What indications are present? 

What is happening inside the kiln? 

For each kiln, it is important to discuss: 

movement of the front 

the draft system 

color, smell, and volume of smoke 


Step 2. 

Tu,,,’ 


Trainer Notes 


stems'" to a be S f unction fri^poo exp * a * 

---te discussion and pacti Ctpatjon by asking: 

How do we know this kiln in * 

- What inrf- functioning poorly? 

3t ,nrfl cations are present? ,/ 

- “hat can be done to repair it? 


Conti nued 
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Trainer Notes/Continued 


* Some common malfunctions which should be discussed include: 

- poor draft - fires dying out 

' holes - irregular front progression 

It is important that each work group take the necessary steps 
to repair their kilns. Offer suggestions whenever necessary, 
but try to rely heavily on the group's problem-solving 
abil ities . 


PART 2 : HEALTH AND SAFETY FACTORS 

Total Time: 1 hour (approximately) 

Procedures: Step 1. (45 minutes) 

Guide the participants on a tour of each kiln and 
discuss the potential health and safety dangers of 
eachdesign. 


Trainer Notes 


* Mention that, to some degree, all kilns are potentially 
dangerous, both to those who build them and to by-standers. 

* Stimulate discussion by asking the following questions: 

- What are some of the most dangerous aspects of this design? 

- Who might be most affected by these dangers? (i.e., 
animals, by-standers, the charcoal makers, etc.) 

- What could be done to diminish the potential health and 
safety hazards represented by this kiln? 

* Some common health and safety factors to be discussed 
i ncl ude : 

- smoke inhalation - burns from hot metal 

- open vents - sides caving in 


Step 2. (15 minutes) 

Conclude the tour by asking the participants to 
summarize the major health hazards associated 
wi th ki 1 ns . 
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CHARCOAL EXTRACT TOM 

T °tal Time: 2 hours (approximately) 

Procedures: Step 1 {15 minutes) 

a PP ears ready to pull 

discuss sig P ns r w 1 h C fch ar iVdiLte t that a the n ^ 1 * and 
be disassembled. 6 that the kllns should 

f* — Trainer Notes ______ 

Stimulate discussion and participation by asking: " r "~ 

- How do we know this kiln Is ready to pull? 

What indications are present? 

Some common indications which should be discussed i nc , ude: 
completion of front progression 

- cooling of the kiln 

- absence or reduction of smoke 
coals visible through vents 

Step 2 . (lo minutes) 

an^e^'s?^!^ & I'll?,”' 

Trainer Notes 

Include the following points in you/ exp! ana 1 1 on : 

' ^Pf^ad^he^harcoa^wi thou /stack! ng S it? r9e e " 0U9h t0 

the charcoa I n by°pul ling'i/tnt/the ?le/“d "e,? Xtr,<rt 
soil. f (Be b caref u 1 'ho /t /bur/the U c ha rcoal*. / '°° Se 

since it fragments "easi ly 9 ?hen' > hot!' e cl>a, '' :oal to a minimum. 

~ cooled?* larC ° a ^ in concen trlc windrows after It has 

' th/charcoal ^anc/to a e ??\ s Wi /rXe°ks P ? eVent Wa,lti " 9 ° n 

— — Continued 
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The design of some metal kilns requires that all the 
charcoal be removed at once. In these cases it may be 
necessary to open the kilns and cool them with a spray 
of water before disassembling. This should be done only 
in special circumstances since wetting the charcoal 
reduces its quality. 


Step 3 . ( 20 mi nutes ) 

Ask the work group to pull their kilns while 
the other participants observe the process. 

Trainer Notes 


* Offer suggestions and advice whenever necessary. 

* Remind the group that they are working with miniatures and 
that the larger scale of full-sized kilns would necessitate 
a strict adherence to the basic extraction procedures. 


Step 4 . (15 mi nutes ) 

As each layer is being extracted from the kiln, 
identify and discuss the various grades of charcoal 
found in the kiln. 

Trainer Notes 


* Stimulate discussion by asking: 

- Approximately what percent of the wood is completely 
carbonized? 

- What happened to cause some of the wood to only partially 
carbonize? 

* Some important points which should be brought out in this 
discussion include: 

- the importance of re-covering earth kilns 
-the causes of ash spots 

- the causes of brands 


Step 5 . (60 mi nutes ) 

Ask the participants to return to their work groups 
and pull their kilns when the carbonization is 
complete. 
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Trainer Notes 


* Each of the kilns will be ready to be disassembled at dif- 
ferent times. If the work groups seem to be getting 
extremely tired, it is recommended that they go ahead and 
extract the charcoal, even though all the wood inside may 
not be completely carbonized. 

* Explain that on the next afternoon, there will be a review 
of the entire kiln construction activity and that ample time 
will be provided for participants to examine their charcoal 
and ask questions. 

* Before dispersing for the night, make sure that charcoal is 
stacked appropriately for cooling and that there is no danqer 
of fire from any of the disassembled kilns. 



Session 13, Day 3 


REVIEW AND RE-DESIGN OF KILNS 


Total Time: 

1% hours 

Objectives : 

* To review the kiln construction activities from 
the previous day 


* To develop a modified kiln design 


* To evaluate the effectiveness of problem- 
solving techniques used by work groups. 

Materials: 

Newsprint, felt-tip pens, pencils or pens, notebook 
paper. 


Trainer Notes 

* This session requires some preparation.. Write on newsprint 
the "Outline of the Design Process" in Step 2, and the 
"Outline of the Re-design Process" in Step 4. 

Procedures: 

Step 1 . {5 minutes) 

Explain the objectives of the session and briefly 
outline the procedures. 


Trainer Notes 

* Explain that the purpose of the first objective is to allow 
participants the opportunity to clarify, summarize and 
assess the kiln design and construction activities from 
the previous night. 


Step 2 . ( 5 mi nutes ) 

Post and explain a basic overview of the design 
process. 


Trainer Notes 


* Post the following list on newsprint: 

Establish Criteria 
Prioritize Criteria 
Develop Design Proposals 
Select Desi gn 
Construct 
Test 

* Explain that this list represents a general step-by-step 
outline of the design process that can be applied to any 
technical device. 
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Step 3. (10 minutes) 

Ask participants to give an example for each st™ 
in the design process from thei r exper i ence * P 
designing their kilns. p ience 


Trainer Notes 


Ask participants to identify the 
the posted newsprint beside each 
des i gn process out! i ne. 


examples, record them on 
corresponding step in the 


$tep4. (lOminutes) 

process ^ 6Xp1ai ‘ n a bas1c overview of the re-design 


irdiner Notes 


Post the following list on newsprint 


[^Evaluate Results (based on criteria) 
Modify Criteria (if necessary) 
Re-Design 
Re-Construct 
R° - Te s t 


Step 5, (40 minutes) 

an7deSe?0DT^5 rfi S /2 r,,, thefr orf 9 f "^ work groups 
ana aevefop a modified design of their kilns. 


Trainer Notes 


tKe 1 r 1 kn t H a 5 n e v 5 ov, W oJ k rh 9, '- Up sdo “ ld the results of 

new des i gn 3 drawing*! a . n '° d,f1ed criteria list and a 

Suggest that new designs Include such considerations as: 
improved health and safety p re cautions 

’ acceptability" t0 faCt ° rs 51 ocki ng/enhancing cultural 

— — — Continued 
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- improvements in ease of construction 

- increased efficiency 

- more effective firing systems 

" emphasis on use of specific wood types to produce desired 
density of charcoal 

“ improvements in draft system to ensure more even heatinq 
and front movement 

- specific applicability to their work sites 

“ more ease of unloading and cooling charcoal 
'• availability of construction materials 

Circulate among the groups and provide any necessary suqqes* 
tions for improving feasibility, completeness, and 
simplicity of the new designs. 


Step6. (lOminutes) 

Reconvene the work groups and ask participants if 
there are any final technical points to be clarified 
before moving into the construction and testinq of 
the new kiln designs. 


Trainer Notes 


* 


Any specific technical issues or facts which 
adequately reviewed and stressed as a result 
work should be clarified at this point. 


were not 

of the re-design 


Step 7. (10 minutes) 

Conclude by asking participants to briefly evaluate 
the effectiveness of the problem-solving techniques 
used by their work groups to this point. 


Trainer Notes 


* Stimulate discussion and dialogue among the participants by 
asking the following questions: 

- Do you feel that your group's ability to work together 
to solve problems has improved? How? 

- What recommendations would you make to improve the 
effectiveness of your work. group? 
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CONSTRUCTION AND TESTING OF SECOND KILN 
Total Time: 12% hours (approximately) 

Objectives: * To construct a modified, second kiln 

* To test a modified, second kiln 

* To practice working independently 

Materials: (See Materials listed for Session 11 " 

Construction") 


Kiln 


framer Notes 


Preparation required for this session involves: 

setting up the materials necessary for constructing loading 
finng, covering, monitoring, and extracting a second set 9 ’ 
of miniature kilns; and ona set 

'•5 r ;S5 r 4 n f.M ste^K* a " 0Utline of the schedule 'or 


Procedures : 


Step 1. (10 minutes) 

Explain the session objectives and briefly 
the procedures. 


revi ew 


i rainer Notes 


■-S??n r S”h # .' prel^T^on!""' 8 " 0 * ° f d6Si9 " S deie >°P*<< 

a , second, improved kiln Is an oppor- 
n . ^ ^ independent work, creative problero~solvina and thp 

ppl l cat i on of charcoal making principles learned to^ate. 

kelp 1 ! n tS^h t i?tJ r ?n ner ' S / <l,<! duri " 9 thfs P eri ° d "HI be to 
?®®8 ,n t 0 UPP»ith the work groups, demonstrate the use of 

as needed. e,U1PI " ent ’ make su 33 esti °"s. anii d"s«er questions 


Step 2. (20 minutes) 

Post, explain and finalize the schedule for 
Days 3 and 4. 


T rainer Notes 


Post the following schedule outline on newsprint: 

• — — Continued 
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Trainer Notes/Continued 



’ 

Day 3 

I Day 4 ~ “1 




H 

jt 

Firing 

AM 



B1 

Introduction to Presen- 
tations hour) 

PM 

Construction 

Loading 

' 


. 

Kiln Application & Inno- 
vation (1 hour) 

Extracting (cooling) , 


* It is important to point out that the work groups should effec- 
tively prioritize their time so their kilns will be 
covered and ready to fire in the time remaining on Day 3. 

* If one or more of the groups has not completed its kiln 
up to the point of firing by the end of Day 3, explain that 
they may choose to either continue working or leave the work 
until the following day. The key factor in deciding which 
option to choose is that the kilns should be fired by no 
later than 8:30 AM on Day 4 to allow for sufficient burn 
time before extraction. 

* Explain that the majority of Day 4 will be for independent 
work in firing, monitoring, and extracting the second kilns. 

* Ask the participants to determine the specific times that they 
would like for Session 15, "Introduction to Presentations" 
arid Session 16, "Kiln Application and Innovation" to occur. 
Explain that approximately \ hour will be needed for Session 
15, and that approximately \\ hours will be needed for 
Session 16. Recommend that Session 15 occur early in the 
day so as to allow ample opportunity to think about and plan I 
the presentations on Day 5. 


Step 3. (12 hours) 

Have the participants form their work groups and 
begi n working. 


Trainer Notes 


* Remind participants that they will be working independently 
for the remainder of Days 3 and 4. 



Throughout the construction and testing period, occasionally 
remind participants of how many hc.urs remain and what tasks 
are left to be accomplished. Encourage participants to 
focus on essential tasks and to divide them among group 
members to help speed up the process. 

— .. Continued 
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Trainer Notes/Continued 


* Fire precautions are an essential aspect of any kiln 
operation. Keep In touch with each work group and point 
out, whenever necessary, any potential fire hazards. 



Session 15, Day 4 


INTRODUCTION TO PRESENTATIONS 


Total Time: 30 minutes 


Objectives: * To discuss the objectives and format of tomorrow's 

session, "Presentation of Kilns." 

* To identify what information should be included 
in the presentations. 

Materials: Newsprint and felt-tip pens. 


Trainer Notes 


This introduction should occur early in the morning on Day 4 to 
allow the pa rt i cipan'ts ampl e preparation time for their presenta- 
tions scheduled for Day 5. 


Procedures : 


Step 1 . (10 minutes ) 

Present the session's objectives and give an overview 
of tomorrow's session, "Presentation of Kilns." 


Trainer Notes 


The overview should include the following points: 

If%hI eSe ? tati ?- ? w i 11 , serve as a basic summary and review 
f the entire kiln design and construction process. 

The presentations will provide a structured climate for 

charcoal- making.^ 0 Shar<! ‘ he1 '' Sk11 ' S a " d eX ’’ eHe " c ‘ !s 

~ ci!'iiic 1 ? antS Wl1 - ha ^ e the °PP° rt unity to practice their 
s ills in communicating newly-acquired technical knowledge. 

shm.l S’"? ^J ltation » . 1 uding questions from the audience, 
should last approximately 20 minutes. (The time limit can 

in *» •«■<>« •' «rk 

- Two hours of preparation time will be scheduled in the 
morning before the presentation session. However, par- 
ticipants are encouraged to begin organizing their ideas 
and information as they work with their kilns. 

The participants may be given the option of asking the rest 
of the group to role-play, during their presentation, a 
particular a udi e nce-type (e.g., traditional charcoa 1 -makers 
in-country counterparts, or forestry extens i on i sts ) . By 
allowing the participants freedom in defining their audience, 

D?esentatioL the i?° tentia ] f °i va r 1 et * a » d creat i vi ty in the 
J^ se . n . ta V. ons * If any role-plays are done, be sure the roles 

and situations are explained beforehand. 
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Step 2 . (15 minutes) 

Ask the group to develop a list of essential infor 
(nation to be Included in each presentation. 

— — Trainer Notes ________ 

JJeJenUtlnSi appea, ' s too lengthy and ambitions for short 
presentations, suggest where it may be pared down. 


Step 3. (5 minutes) 

Ask^the group if any further clarifications ar* 
needed. Conclude by stressing the value of using 
a variety of communication techniques and creatina 

3-r?„;ih r eat,n3 




Session 16, Day 4 


KILN AP PLICATION AND INNOVATION 
Total Time: 1 hour, 15 minutes 


Objectives 


Resources : 


Materials: 


* Js/in's deSi9n and fu «'wood 

use in a variety of situations 

I?o d i SCU -u-^ C10 " economic fa ctors which affect 
the feasibility and acceptability of kiln types 

* -Attachment 16-A, "Design Situations" 

Attachment 16-8, "Realities of Making Charcoal" 
As determined by participants. 


— Trainer Notes 

to adapted apply^heir knowl edaf^a *<5° * pant ? an opportunity 
production to actLl ! I,,!? dg T nd experience in charcoal 

modified tn Lv.JJ 1 sUuatl0 " s ‘ These situations may be 
modified to make them more country- or project-specific. 

on-goiJ^kin^surieiflance . d ° ne at ^ W ° rk S1te to acc omodate 


Procedures: Step 1 . (5 minutes) 

Explain the objectives and procedures. 

Step 2. (10 mi nutes ) 

^* he Participants to form 4 groups and give each 
"Des ign n si tuati onq 1 " Ua p 1 ^i 15 • fr0m Attach ment 1 6- A , 

m xpla,n the task as *•""*•* 

*■— — Trainer Notes 

* Based on the information ni von in + u .. 

ticipants' experience each nmu! ch 6 i} tU u tl0ns and the par- 

situation !!' 6 kU " S 

»ood practices an^the' overall’ pEoSess°of chEEioal’p 6 ^ f E*’" 

-5s-s:s?-r h :s-:is:; ?ir-r 

‘ IlSns^o U ?he , Ur^ eS 0 ?S^p! heir kn " desi9 " s »" d 


Step 3. (15 minutes) 

Have the design groups work through the situations. 
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Trainer Notes 


The situations are purposefully sketchy to allow for maximum 
creativity from part ic i pan ts . 


Step 4. (25 minutes) 

Reconvene the groups and ask each one to describe 
the case and present their recommendations. 


irainer Notes 


After each presentation, allow a few minutes for questions and 
comments from the group. If necessary, call the qroun’s 



Step 5 . (10 minutes ) 

facilitate a short discussion of the socio- 
economic factors which need to be considered in 
charcoal-making situations. iaerfid 10 


framer notes 


fai 1ures P in t charcoa?-mak?nq e thev m h 1 6S h f 3 |] y successe s or 
communities or regions. ' 9 * haVe heard of or seen in their 


Step 6 . (lo minutes ) 

of^a r M„ U g te cK, S 1 ? f J d tt a a sl: m ^ ,6 - B ’ 

ai and ask the group to review ft 

T • i 


Trainer Notes 


• " w v w a 

meant 'to ^erve^as ' re ference"ma f ° V ■ this Attachment Is 

read th° r ou ghly prior to Set" on in t F nd , tha ‘. ,t ^-uld be 
Y,e,ds on Day 6. session 19, "Evaluating Charcoal 


Attachment 16-A 


DESIGN SITUATIONS 


Situation 1 

* Small sawmill on the outskirts of a medium-sized town. 

* Mill-ends, slab and sawdust and stockpi led first and later humoH 
Some of the lumber is occasionally purchased by employees. 

Some capital is available for general improvements and repairs. 

Mill labor force includes skilled and unskilled workers. 

Variety of "junk" items on the premises. 

Mill tool shop has welding equipment. 

Situation 2 

Fuel wood plantation in a s pa rs el y- popu 1 a ted area. 

* are^eady* for ^harvest? 1 * °" * 10 ' year r0tat,on - S °” e 

‘ ( d CaL t rp°ni , ar n s tU e r tc ■ ffl' "? c ] etr °* Urge equipment 

of ungraded material" from the rlLn 1mme( *iate planting, large amount: 
rowed and burned h c1ear '"9 Process are quickly wind- 

Some capital is available for Improvements and repairs. 

loaders^trucks , i 'chainslws < , e etc.’)^ ate '' Pl1,a '' S ’ graders • front-end 


Situation 3 

* Independent charcoal-maker who works in the area around his village 

oney earned from charcoal accounts for 95* of his family Income. 

* Markets his product in a 1a r ge town 150 km. away 

* Transportation costs drastically reduce his profit. 

* Tools are old and few. 


Situation 4 


* 

* 


Traditional farmer in a populated, rural' area. 

From clearing his bush fallow to nfant hn u 

surplus of wood. 0 P’ an ^» he h as a sudden and large 


* Almost a11 h1s labor time is spent . tendi ng his farm 
* Owns- a few, basic agricultural topis. 
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REALITIES OF MA KING CHARfflfll 
by H. E. Booth 

was edited h from a !In a FA0 0 Japer 0 he C S?rpa?ed P f C>dU ?h iOn ‘ • This artl ' cl e 
A2S«t! n i98?" and repri nted^Jom^^c y S ^'’^ergy^Na^robl ! l0nS 


shells, a coni c a f ^ 1 i d 3 Ind 3 f ou r T ?h i Snly 1 1 S it h™ ^ y1indrical steel 
y Cha, ' COal Production throughout the worl J^oVSan^ 

»"« 6 « nuiiber'of C e3aiJles S f n'the ^ 7n wt 1 ’ ”ake good charcoal. There 
«ed successful ly*for many "years ^rnlnr^ wor I li Mhere 1* has been 
small scale. i n the developing world h!I2p« Charc ^ al on a fa *rly 
have been tried, it is usu«ny 9 f!!JEd thJt where these ki1 "s 
there is a reversion to traditional methods slch as P | Se'.^a ?Xh ‘ m ! ! 

more W a h Jd e mo^ e chIrco“al 1 n "th e “de^T o Si ^ ’ " S ?2*® cont tnued to produce 
prising when It is considered that thl ?t~> ? : i This «em sur- 
in its present form more than 50 years tit ^ Th ° appeared in Europe 
failure in the developing world is that ?c‘ Th ? reason for its 
conditions which either are not JresenJ 11 requ ' reS certai " specific 
uneconomic ways, in Eurooe on thf «?h . ca " be Provided only in 

available, and thus the steel kiln continuSc"*’ tbese conditions are 
1" charcoal production. Br?lf l^ "t^e*’^, JJoSj*'..* usef “ 1 -P"* 

- A high-price charcoal market. 

fabricatlo^and 1 repat r C facil i ties. and correspon<,in 9 ' 

' a^ d vehi^ 1 « b ’^ t fhe f mea ra s" S fo 0r oro f ce! ,it, a eS - '- e -- 

quantities of timber and charr!?r? C ^ SS and ca rry small 
-Sing a mobile, highly skilled wirk"forc“ ered locat,ons 

- No shortage of Investment and operating capital. 

The ref 5 the' traditional , method V of°makin COll h try iS r atl,er different, 
the wood in pits dua in Ho making charcoal is to carbonize 

to cover a pile of fiJewood ZiT* T °!J the side * hill! or . 

earth-clamp, or "parvl" in and earth--the so-called 

out by. people without a ny access to i 1 iak - in 9 is carried 

is indispensable; althouoh i t r»rr ]. nvestm ^ nt capi ta 1 . Such capital 

Evolving people w hose°technological f exper 1 ence*^$ d l imited?* ^ eve ^ 
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A higher level of technology is available from portable steel kilns 
or from kilns made of bricks and set in mud mortar. While brick 
kilns are not mobile, they can readily be dismantled and rebuilt. 

In either case, there has to be a transfer of technology. The 
imported steel kiln has the advantage of making a whole kiln 
available instantly, but it requires back-up maintenance such as 
steel-plate welding and heavy sheet-metal working capability These 
are usually quite beyond the local charcoal makers and have to be 
provided on a state or cooperative level, usually as a loss operation, 


Brick kilns must therefore be built. Building them is a compara- 
tively new technique requiring a supply of bricks or the ability to 
make simple direct-fired bricks from a sandy clay. Given these 

v i*r tuai i f/ 1 4 6S ’ ma l nt ® nance of bl "ick kilns is very simple. They are 
' n mmu !? e t0 damage from local overheating, unlike steel 
m d IiJ e f° n y maintenance normally needed is the pouring on of 
moved 1 Ta! ^ osea1 cracks. Furthermore, when the kilns must be 

thebricM tJV! 1 1?™!* 8 ! 8 * u Way * they are s ' im P^ dismantled and 
should^ he s re-assembled at the new site. However, brick kilns 

be expected 1n Ca ^ eS wh * re fre< * uer,t relocations are not to 

expected and where wood can be transported to the kiln. 


OthIrs yP ?uch ZW'X” J° Ste f’ at 011 • n,ere, J' mud a " d b "ic k s 

nrHInH* th ? Brazilian type, have a ring of fencinq wires to 

bri?k kiln 8 r ^!? fo rcement at the base of the cupola roof. The 

to tweStl tlL! h Ur l er th ? n the steel one and hence, produces ten 

doors a f«t ?hr? r m,w ar 5° a i- at a r'" 9le burn - Tb<! b;ick baa 
barrows 3 Jarts an5 , loall " s and “"loading simple, since wheel- 

rows, carts and sometimes conveyor rolls can be used. 


loaded^over'the^toD 1 " rim !5M 0 °s 11* charc ° a ’ b ° be loaded and un- 
anddustv rt the 5°** om section of the unit, a laborious 

fSrm tvnicanv nol Tb "«ood first has to be reduced to block 

form., typically not bigger than 30 x 10 x 10 cm. Hence chainsaws 

n Z He ° Ck i^^ in \ ,M ?:i eS are " eeded t0 «K*w«S J""r.- 
s i» b Stl both aarth piU and cla ™P a a " d brick 

lifers iJ yllllh ’? r9a ’?P of up t0 50 cm. diameter and I to 2 

Tbott 1 S me ters * 1 o ng" 1 03 ^ * the "°° d <S s1n,pl * cut int ° b1,lpts 


leak P, 'occur S easilI t af h thI tee1 1 ? . 1 n part ' "cl a" . First, since air 
a burn leadinci tn hnrin? Si’ound line, hot spots can crop up during 
a burn, leading to buckling and collapse of sections of the shell 

This problem is reduced, but not eliminated, where the Min is made 

social Droblem nJ h tt«f? dama? ? e the ki1n The second. 

The ^tio^Sf rail JiS 2 iil lnS ariS6S from its low ^sulation value. 

del,/ Ju d can cause the kiln walls to become too 
SilivJm 1 ? slows down the exothermic decomposition of the wood 
near them and results in an excessive production of party carbonized 
wood known as “brands." Brick kilns, because of their greater sze 
and better insulation, are less susceptible. greater size 
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Finally, it should always be borne in mind that the burning stage 
is only one small, though essential, step in charcoal production. 
The more important steps are the harvesting and transport of the 
fuelwood, and the delivery and distribution to market of the 
finished charcoal. The imported steel kiln gives an illusion of 
instant charcoal availability which tends to blur the vision of 
administrators and officials taking a good hard look at the real 
problems affecting charcoal supply in a developing country. 


ADVANTAGES AND DISADVANTAGES OF STEEL KILNS 
COMPARED TO OTHER TYPES 


FACTOR 


Cost in place ready 
to run ( US $ ) 

Internal volume (m^) 

Cycle time (days) 

Mai ntenance 

Mobility 

Life (years) 

Charcoal quality 

Typical yield (percent 
weight basis) 

Ease of burni ng 

Maximum size of fuel- 
wood (cm.) 

Performance in rainy 
climate 

Ability to tolerate "hot 
spot" and accidents 


PORTABLE 
STEEL KILN 

EARTH PIT 

BRICK KILN 

5,000 


1 ,000-2,500 

6.5 

8-30 

50-130 

3-4 

20-30 

9-25 

skilled with 
workshop 

simple 

simple 

yes 

yes 

demolish and 
rebuild ' 

1.5-4 


8-10 

good 

fa i r 

good 

20 

15 

20 

simple 

di ffi cul t 

simple 

30 x 5 x 5 

no limit 

200 x 30 x 30 

good 

poor 

good 

poor 

fa i r 

good 
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PRESENTATIONS OF KILNS 


Total time 
Objecti ves 


Materials 

Procedure 


2 hours 

* To present the completed kilns and results of the 
kiln runs 

* To practice communicating technical concepts and 
information effectively 

As determined by the work groups 

Step!. (5 minutes) 

Review the objectives and format. 

Trainer Notes 


Remind the groups of the time limit and ask one of the P^r- 
ticipants to serve as timekeeper to prevent "run-overs. 


Step 2. (1 hour, 45 minutes) 

Have the groups give their presentations. 

Trainer Notes , — — — 

At the end of each presentation, allow a few minutes for feed- 
back on the effectiveness of each. Ask the group to comment 
on : 

- clarity 

- sequence and variety _ . .. 

- techniques which promoted/ i nh i b i ted group participation 

and learning 

- ways to improve 

Step 3. (IQ minutes) 

After the final presentation, briefly discuss with 
the group any problems they have encountered in 
conveying technical concepts and ideas in a cross- 
cultural context . 
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Session 18, Day 5 


BRIQUETTING ; 
Total Time: 
Objectives : 


Resources ; 


A PROBLEM-SOLVING ACTIVITY 
4 hours 

* To identify the advantages and disadvantages of 
briquetting 

* To discuss the feasibility of small-scale 
briquetting 

* To make briquettes 

* To practice group problem-solving 

* Attachment 1 8 - A , "Simple Techniques for Bio-Fuels" 

* Attachment 18-B, "Briquetting as a Cottage Industry 
A Case Study" 

* Attachment 18-C, "Bamako Briquettes" 

* Attachment 18-D, "Binders for Charcoal Briquettes" 


Materials: Charcoal from the training kilns; mortar and pestle, 

two rocks, commercial grinder, etc., for powdering 
charcoal; binders (see Attachment 18-D "Binders 
for Charcoal Briquettes"); fire, water, pots, and 
containers for cooking and mixing; materials for 
construction of briquetting presses (see Attachments 
"Bamako Briquettes" and "Simple Techniques for 
Basic Bio-Fuels"); tools for construction of the 
presses. 


Trainer Notes 


Listed above are a number of possible materials for making 
briquettes. To encourage resourcefulness and creativity, 
only items which can be obtained local 1y- shoul d be provided 
for the activity. 


Procedures: . Step 1. (5 minutes) 

Explain the objectives and briefly outline the 
procedures . 

Step 2. (15 minutes) 

Distribute and have the participants read the 
Attachment 1 8- A , "Simple Techniques for Bio-Fuel s 

Step 3. ( 1 5 mi nutes ) 

Ask the group to brainstorm a list of the possible 
advantages and disadvantages of charcoal briquettes 
based on the information in the article and their 
experience. Record their responses on newsprint. 
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— Trainer Notes 

Some advantages and disadvantages include: 


Advantages 

- can be made from agricultural 
"wastes", e.g., powdery dust 
from kilns, small brush, 
coffee hus ks , . peanut shells 

- can be made from soft woods 
unsuitable for regular 
charcoal 

- 30-40% extended burning time 
from increased density 

" slower, steadier heat release 
from increased density 

- easier to calculate amount of 
heat in a given number of 
briquettes 

- more energy per weight and 
bulk in transport 

- easy to sell in small , 
standard lots 

- custom design by mixing types 
of wood and additives 


Disadvantages 

- more expensive 

- manufacture requires more time, 
steps, and equipment 

- greater potential for increased 
costs and/or price-fixing by 
distri butors 

- requires "big business" skills 
and techniques in production 

and marketing, e.g., stockpiling, 
distributing, etc. 

- usually dependent on specialized 
market , 

- high potential as export product; 
technology could be abused, 
resulting in greater fuelwood 
shortages 

- briquettes are a new and un- 
familiar fuel form to many 
people 

- certain binders may be 
culturally rejected 

- binder may a food source 

- depending on the binder, 
briquette may need curing or 
baking 


Step 4. (10 minutes) 

Distribute Attachment 1 8-B , "Bri quetti ng as a Cottage 
Industry: A Case Study", and discuss the feasibility 
of village-level briquette manufacture. 

Step 5 . (10 minutes) 

Distribute Attachment 18-C, "Bamako Briquettes" and 
Attachment 18-D, "Binders for Charcoal Briquettes" 
and outline the briquette-making activity. 
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Trainer Notes 


Explain the following: 

* The participants will form small work groups and make 
briquettes. 


* 


The activity is one of problem-solving. Each group will 
have to design a method for crushing the charcoal, to select 
and prepare a, binder, construct a press, and combine all 
the parts to make a finished product. 


The work groups will need to organize themselves 
to perform all of the tasks In the required time. 


efficiently 


* The two' resource attachments describe the procedures 
involved in briquette-making. 


Step 6. (2 hours, 35 minutes) 

Have the work groups make briquettes. 


Trainer Notes 

Move from group to group, providing input as requested, but avoid 
directing the problem-solving task. 


Step 7. (30 minutes) 

Reconvene the participants, and ask each group to 
demonstrate their briquetting method and discuss 
i ts workabi 1 i ty . 

_____ Trainer Notes • 

Stimulate discussion by asking the groups to describe: 

- how they approached the task. 

- what problems were encountered with the grinder, binder, 
press, etc. 

- how the problems were solved 

“ any suggestions for improving the method 

- potential application of the method at their sites 



Attachment 18-A 


SIMPLE TECHNIQUES FOR 
BASIC BIO- FUE L S 


by Jacek Janczak 

Jacek Janczak Is a Polish engineer. He wrote this article 
originally as an FAO study for the United Nations Conference 
on New and Renewable Sources of Energy, Nairobi, August 1981. 


Simple fuel technologies for developing countries are based on 
available resources and the "do jit yourself" principle. While the 
tools for processing fuel may be; manufactured locally, what is needed 
is a well-organized demonstration and training proqram coverinq larae 
areas of the^se countries. y 

Although simple processing increases the heat value of bio-residues 
considerably, every kind of fuel calls for a specific type of stove 
or furnace to provide optimal combustion. 

Briquetting 

Neither wood nor agricultural wastes such as wood dust, sawdust and 
C °Iu e j-^^ s can burned directly in domestic stoves. They burn 
wi t h d i f f i c ul ty , produce considerable smoke and are unsuitable for 
cooking. The same is true ofcharcoal dust. 

One of the best methods of handling such residues Is by the agglom- 
eration of small particles into briquettes. There are two principal 
methods of briquetting, with or without a binder. Doing without the 
binder is more convenient, but it requires sophisticated and costly 
presses and drying equipment, and is energy-intensive. 

Briquetting with a binder such as tar, pitch or asphalt calls for 
high-pressure industrial processes to produce briquettes from hard 
coal, coke dust and, to a lesser extent, coal dust. Such processes 
are also sophisticated and expensive, and while they are not appropriate 
for villages, they might be very useful for central or local govern- 
ment projects, especially in countries having an abundance of wood 
and agricultural waste. 

For rural populations, the most suitable briquetting methods are 
those which are based on available waste and building materials. 

The manufacturing should be done in locally made hand-operated 
presses. The hand-made briquette is held together mainly by the 
binding material. Depending upon local availability, the most 
suitable organic combustible materials for binding are resin, tar, 
animal manure, sewage mud (sludge)', and fish waste. 

If combustible binding materials aro not available or the waste needs 
a stronger binding material as, for instance, in the case of charcoal 
dust, then it is necessary to apply nori-combustibl e binders such as 
slime, clay or mud. 
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Although the no n- combus t i b 1 e binder lowers the heat value of the 
briquette and increases the ash content, it does make possible the 
use of materials which otherwise would be valueless as fuel. 

Presses 

Design varies from the simplest, technologically primitive home-made 
hand-presses to very advanced automatic units. Below is a simple 
hand-press which can be manufactured by any village smith. The 
lower arm of the press is fixed to a wooden board. The pressure 
ranges from about '5 0 to 100 kg. per briquette, or 5 to 15 kg. /cm. 2 . 
The briquettes produced are spherically shaped, preventing the. 
fracture of edges which is a weak point in home-made briquettes. 

The materials used are soaked newspaper or any waste paper. The 
addition of-wood ash makes the balls harder and prolongs combustion. 
The briquettes are pressed into balls of about 5 cm. in diameter, 
and the weight of a dry briquette is about 30 g. The size of a 
briquette may vary, but larger balls are more! difficult to press. 

The cost of making one press would entail 3 to 4 man-hours and 1 to 
2 kg. of iron. The working time can be considerably reduced if a 
number of presses are manufactured together and work is well organizec 
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Another press which has been developed and tested consists of a 
square container in which waste is pressed by a screw similar to 
that in a wine press. Pressure is up to 2 tons per briquette or 
about 40 kg. /cm. 2 . The rate of production, however, is slower than 
with the lever press. 

Good results have been obtained by adapting these presses for bricks 
or earth blocks. They are now well known in developing countries 
under such names as "Cinva-Ram," " Ters ta rain , " and "Combustaram. " 

In Europe during World War I, screw-type briquette presses worked 
on the same principle as meat-cutting machines. They produced a 
continuous briquette mass for cutting into sections. The screw 
press has much lower pressure than the piston press and consequently 
has limited application for waste which is easily convertible into 
briquettes resistant to crumbling. 

Advanced industrial presses for wood and agricultural waste exert 
much higher pressures, ranging from 1,000 to 1,200 kg. /cm. 2 . At 
these pressures , the temperature is very high. Both high temperatures 
and high pressure destroy the elasticity of the wood, making it 
possible to form the briquettes without a binder. 

Waste Preparation 

The first operation, common to all briquette-making processes, is 
the chopping and/or grinding of combustible waste. In simple village 
technology, where the materials to be prepared are branches, twigs 
and straw, the best tool for chopping is a hatchet or broad axe. 

For productioh on a large scale, different tools are required such 
as the straw chopper commonly used by European farmers. 

The second operation is the drying of the main combustible ingredi- 
ents. In a simple technology, drying should be performed without 
the use. of fuel. The only real option, therefore, is natural drying 
in wel 1 - venti 1 aged places protected from rain. Such drying takes a 
long time, so the basic ingredients for briquetting should be 
prepared well in advance. 

Third comes the mixing of various kinds of waste and binding materials 
In order to produce the optimum consistency and heat value. If used 
motor oil is available, it may be added to the waste, but, although 
it increases the heat value of the bri quettes , It makes them crumbly. 

The fourth operation is compressing the briquettes, and the fifth Is 
drying them in open air, under shelter. Depending upon the binding 
material and drying conditions, it will take between a few and 
several months to produce dry briquettes. Drying significantly 
increases the heat value of the briquettes and thus saves fuel. 

They should therefore be produced well in advance of intended use. 
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Experience has shown that the successful implementation n f 
technical projects depends on socio-cul tura 1 historical 
economic factors as well as on purely technics pc I and 

? U n eU°shouid be esubj Jsh^’ lllKl* .*?*'"* ^omoUoo of new 
not necessary. The environmental i n !!t t^e-consuming surveys are 
consideration because the comhuct inn^^K ■ S ^° U d a1so be taken into 

Owing to the interdependence of fuel and stnvpc it ,• *. , , 

ducMon'Sf new'types T of fie"™ St ° Ve m ° delS > t096ther ” ith the i"*™- 

Si? a Ti°r°“’ a Grouj s op o o f r pio^r e fror 

i:l A F;;-u°?J d t h bp .rh 9 o a u n a^,Js° is v :s*is5::i.s;s:? t - 

basis. They should be invited to carry out further nvl?5 inn 
°n/b P nding 0 ^toHa? s f . 10Cany avanab,e biomass waste for bHquettlng 

In most developing countries, there are considerable quantities of 

“L^ i,; : eh p:»«! sed by means ° f 

r. uensiTication, The best results are usually achieved if «»upti.i 
kinds of material are mixed with a binder. The heat value of well- 
Hn uio d * °o |^P re s s e d bio-fuel waste is similar to that of fuelwood 
owever, the uncontrolled use of biomass waste could have adverse 
ecological consequences on the soil, such as reduced fertility 
iTsHPr-r 3 Uat ’° n of how much and which biomass can be used as fuel 
officials 10 re910nS shotJ d be underta ken and monitored by competent 
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Table 1. IGNITION TEMPERATURES Of 
SOUQ MATERIALS 

Material 

Ignition 
tempera- 
lure CC) 

lignite dual 

150*170 

Hard coal dust 

150-720 

Coke from Ugnlta coal 

3CXH0O 

Coke from hard coal 

350-700 

Graphite 

700450 

Charcoal (soft) 

150-300 

Charcoal (hard) 

300-450 

Peat 

20CM50 

Paper 

300 

Wood doit 

315460 


Tald# 2 NET K£At VALUE OF FIREWOODS 




Heat value 

Specific 




weight ol 


Seasoned 

Qrcen 

dry wood 


kcet/kg 


kgfdnt 

Pine (PI nut) 

4 650 

>670 

0.49 

Weymouth pine (Plnut ttrebut) 

4176 

4 OSS 

0JJ7 

Birch (Betult) 

4656 

3 609 

o.ei 

Spruce (Fleet) 

4 622 

>509 

0.43 

Larch (btrix) 

4 597 

3 616 

0.55 

FI r (Ablet) 

4 552 

3 765 

0.41 

Locuat (Rabin]*) 

4 527 

3 760 

0.73 

Beech (ftgut) 

4 476 1 

3 705 

0.69 

Linden (Tltlt) 

4 474 

3 713 

0.49 

Elm [Ulmvt) 

44(9 

3610 

0.04 

Oak (Queroj*) 

4329 

3 742 

0.45 

Ash (Frextnut) 

4329 

3 593 

0.40 

Aider ( Alnut ) 

4 266 

3555 

0.49 

Sycamore (Acer pteudopfetenui) 

4 243 

3 MS 

0*9 

Black poplar (Popdirt nlgrc) 

4205 

3516 

0.41 


t«MMi T. Mail* • i 


, PWftNU W mm, ttft. 


Tebla 4. COMPARISON OF SAMPLE BIOFUELS 



Paper waste 
Municipal waste 
Wood waits 
Coconut fibre 
Peat 

Tundra dust 
Cotton waits 
Sawdust 
Straw 

Groundnut sheila 
Hazelnut shell* 

Ollvtt'Olt residue 
Sugar cane 
Bark 

Rico husks 
Sunflower husks 
Leather wjsto 
Hemp 
Manure 

Used motor -oil (as an .ulJilivi- to 
solids) 

Hay 
Shrubs 
Fish wastii 

Food processing waste 


Compo»l|lon 

Greta 

heat 

value 

Humidity 

Ash 

Net heat 
value 

Comment 


kctl/kg 

. . Percent . . 

kali kg 


Ory beech wood 

4 554 

6.0 

03 

4 224 

Type ol wood rare- 
ly available In 
poor rural areai 

Green birch wood 

3 308 

42.9 

025 

2 869 

Type of wood com-' 
monly found In 
poor rural areai 
of developing 

countries 

WiMer pioer belli 
(mide from 
soaked 
nawipapar) 

4143 

D.9 

2.9 

3 625 

Made by hand; burn 
better If wood 
ash la oddod t 

Srlquettea made of 
3045V. charcoal 
dust 

3045% chopped 
twigs 

15-20% manure 

4 625 

24 

32.2 

4 406 

Com parable to 
medium-quality 
hard coal; high 
■ah content prob- 
ably from oand 

Briquettes made ol 
25% charcoal dual 
25% straw 

30% chopped twigs 
20% manure 

3 397 

7.2 

13.7 

3 109 

Lower percentage 
of charcoal duit 
reduces heat out- 
put ! 


Briquette* made ol 

3 69e 

5.4 

95 

3 599 Feasible 

every- 

50% straw 




where, 

but has 

50% cqw manure 




high manure con- 1 




Icnl 

and ma- 1 





nun.- 

*4 better 
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Attachment 18-B 


BRIQUETTING AS A COTTAGE INDUSTRY; A CASE STUDY 


A national corporation was set up by an African country to manage 
a natural forest using the income from forest products to finance 
its management operations. The forest chosen for management had 
been degraded over the years by grazing and wild fire. The 
surrounding villages had historically been given free use of this 
land which was now declared reserved forest. 

One of the major products available from this forest was charcoal. 
The corporation used earth kilns for production and the yields' were 
good. The labor force was recruited locally allowinq some return 
to the surrounding villages. 


After a few weeks of production, it was discovered that about ]Q% 
of the charcoal was remaining behind in the soil after carboniza- 
tion. The small particles could be recovered by flotation but 
were too fine to be sold on the domestic market. The corporation 
decided to set up a briquetting operation. 

Preliminary investigation uncovered two options for settinq up the 
operation. The corporation could import both equipment and resin 
binder from Europe and produce briquettes "in-house." Or thev 
cou d set up the production as a local cottage industry uslnq 
village labor , tree gums gathered from the area, and simple tech- 

rno 6 f w ^ t ’ ch . w °u ld produce briquettes comparable in quality and 
cost to the in-house briquettes. It was also found that the bri- 

j nd “;ST 

a t S a C mutua Unagreed- upon t pr1cef in ^ Slled br1<,uettes the villager: 

The final result was a saving of investment ranitai Ku 

ation and a firmlv actaKitehL i , . tment capital by the corpor- 

effort K as a t h f ’„ r ^ p :^ d b, i^ 0 ed d ]?”: e ;^- b ^_ 
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Attachment 18-C 


BAMAKO BRIQUETTES 


This technique was developed at the request of Peace Corps Mali 
to transform millet stalks into an easily transportable energy 
source. The best use of most agricultural waste is to return it 
to the soil, but if this is not technologically or socially 
possible, most agricultural waste can be carbonised or used 
directly for fuel, preferably in improved cooking stoves. 

Carbonising reduces the bulk of the fuel, preserves fuel from 
insects and fungus, facilitates storage, and provides a smokeless 
fuel for use in densely populated areas. 

In the Bamako tests, millet stalks were carbonised in an oil drum 
kiln. This takes 2 to 3 hours of labor per day. The resulting 
charcoal is-fluffy and fiberous and is easy to form into briquettes. 
The charcoal is lightly pounded to reduce bulk, and non-ca rboni sed 
pieces are then picked out. The powder is placed in a container of 
20 to 40 liters and binder is added. 

The binders used in Bamako were gum arabic and clay. Due to the 
fiberous nature of the charcoal produced from millet stalks, 
briquettes using no binder at all were also successfully produced, 
but they break down from rough handling and disintegrate more 
rapidly when burning. Using clay only produced a briquette with 
sustained heating properties, but is was hard to keep going and left 
a ceramic residue which blocked heat from below. Gum arabic binder 
produced a briquette which held together well and was quite satis- 
factory. Gum arabic with a small amount of clay produced the best 
briquette. The addition of clay extended the burning time and gave 
a denser briquette. The binder was prepared by dissolving gum 
arabic in water and adding it to the charcoal, along with enough 
clay and water to make the mixture rather stiff. Inch and a half 
plactic pipe was used to form the briquettes by jabbing the, pipe 
up and down in the mix until the pipe was forced full of the mixture. 
The pipe was then removed and held at a slight angle to the ground. 

A push rod of slightly smaller diameter was inserted to push out 
the mix. The actual maneuver is more like holding the mix with the 

push rod and sliding the pipe off of the mix. This can be done 

directly on the ground or on mats, and should be exposed to the sun. 
The resulting long sausage can be left to partially dry if necessary, 
If the mix is correct, it can immediately be broken into small seg- 
ments on 2 to 3 cm. thickness and each briquette placed on its side 

to dry. In Bamako, during May, the briquettes were sufficiently sun 
dried in two days to burn well and were easily handled without 
breaking. One batch was caught in a heavy rain after one day of 
drying but remained stable, even though they required an additional 
two days of drying. None of the briquettes gave off objectional 
odors when burned and user acceptance was good. 
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Attachment 18-D 


BINDERS FOR CHARCOAL BRIQUETTES 

A binder Is simply something which holds the charcoal briouette 
together while it is being moved about or while it is bulnina 
Briquettes can be made without binder if the charcoal itself 
is of a fluffy nature, as in some types of charcoal made from 
- ast ! s ^ Bub > these briquettes will tend to fall 
to rough han'SJfng Pl3Ce ‘ they Certainly won't stand up 

Adhesiveness is the most basic and important quality to look for 
in a binder However, some of the most adhesive binders ma be 
uneconomical or unacceptable to the user, some posslbl! Eiders 


tar 

starch 

plant resins 

commercially prepared resins 


cl ay 

animal manure 
fish waste 
mol asses 


In the US, the most commonly used binder is starch. In southern 
Senegal, the smell of burning starch is objectionable to the neoolf 
and a local tree gum has been found that is acceptable. ClS/Sll 
act as a binder, but the powdery residue blocks the passaqe of 
radiant heat, and much of the heating value of the charcoal is lnct 
3 n q uettes prepared with tar or molasses have to be heat tr^t*l °?I 
drive off the volatiles that have been added? heat-treated to 

In addition to the binder, a carrier is needed to make a aood 

MnH Ure K 1 powdered charcoal. As this is usually water the 

binder should be water soluble, or at least emulsifiable in the case 
of oil-based binders. Some binders, such as fish waste or starch 
will require precooking to make them sticky. starch, 

Jf e c h^rLi f0r rI a 7 °r? briq^tte mix using starch is 100 kilograms 
wI*^ arC c? ’ u t0 7 1 ograms of starch, and 30 to 35 kilograms of 
Can be °btained from roots or grains, preferably 
those which do not serve as a source of food. Crush or grind the 
grain or root and wash the starch from the crushed residue The 
starch is contained in the wash water and will settle to the bottom 
If you catch a sample of the wash water in a clear glass container 

neces sa r^amount S 3 t0 s ? ttle » y° u can calculate the 

necessary amount of water needed to cook and mix the starch 

ton S ^%h the S ^ rCh ? 6pth 3nd b * 3 ‘ 407 ’ That 5s wLe the 

5 e Wa ^ r Col . umn shou1d be - Water can then be added to or 
Mnn^^ n° m . the main container in like proportion. These propor- 
tions will give a mixture of starc;h and water that will gelatinize 

wh!>h U n be <; 0l ?ing too tbick * It should then be heated to 65°C, at 
which point it will thicken and can be mixed with the charcoal. 
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Session 19, Day 6 


Resources 


EVALUATING CHARCOAL YIELDS 
Total Time: 2 hours 

Objectives : * To determine the moisture content of wood 

* To calculate the yield of a kiln 

Materials: Newsprint, felt-tip pens, pencils or pens, notebook 

?2n?«ts! mP P “ ° f W °° d ° f Varjn '" 9 “isture 

Resources: * Attachment 19-A, "Elementary Calculation of 

Moisture Content" 

Attachment 19-B, "Energy Potential of Raw Wood" 

* Attachment 19-C, "Charcoal , Yield Worksheet" 

Trainer Notes . 

* to , thts * ess1on » it will be necessary to gather several 
pieces of wood from among common local varieties and calculate 
their moisture content. Number the samples and record their 
exact moisture contents on a sheet of paper. (See Step 4) 

* Also, it will be necessary to create and solve two hvDnthPtirai 

yield calculation problems. (See Step 8) hypothetical 

Procedures : Step 1 . (5 minutes) 

Explain the session objectives. 

Step 2. (10 minutes) 

Ask participants to briefly review and explain 
types^f kHns considered in evaluating different 

— _________ Trainer Notes __ 

"d" 11 + ? arti eipants of the factors mentioned in the article 
Realities of Making Charcoal" and of the criteria lists ’ 
winch were developed in their design plans. 

* Some factors which should be mentioned include: 


- user needs 

- labor requirements 

- capital requirements 

- carbonization time 

- kiln capacity 


- portability 

- durabil ity 

- availability of construction 

materials 

- ease of operation 
-yield 


Point out that "yield" calculations are an important 
determining th6 specific energy efficiency of a pari 
ki 1 n desi gn. K 


Session 19, Day 6 
Page 2 


Step 3 . (15 ml nutes ) 

Ask participants to identify some of the variables 
which should be considered in calculating yield. 

___________ Trainer Notes 


* Explain that yield calculation essentially involves 

comparing the amount of potential energy gfoing into a kiln 
in the form of wood to the amount of energy potential coming 
out In the form of charcoal. 3 

* Stimulate discussion by asking: 

~ What variables must be considered in determining the enerov 
potential of raw wood? 3J 

- What variables should be considered in determining the 
energy potential of charcoal? 

* Some important variables which should be highlighted include: 

- moisture content of raw wood 

- wieght of raw wood 
-brands found in ki In 

- moisture content of charcoal 


Step 4 . (15 mi nutes ) 

Distribute the samples of raw wood and have 
participants estimate the moisture content of 
each sample. 

Trainer Notes 


* Record their estimates on newsprint. 

* Point out that different wood species have different densi- 
ties, so weight alone may not indicate moisture content. 

The feel and smell of the wood are often more reliable 

1 ndica tors . 

* A game can be made of this activity by offering a prize to 
the participant who most accurately guesses the actual 
moisture content of a particular sample. 


Step 5. (5 minutes) 

Reveal the real, calculated moisture content of 
each sample by writing it on the newsprint beside 
ay their estimates. 
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Session 19, Day 6 
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Step 6 . {20 minutes) 

Distribute Attachment 1 9-A, " El ementary Calculation 
of Moisture Content" ana Attachment 19-B, "Energy 
Potential of Raw Wood" and practice calculating 
moisture content . 

Trainer Notes 


* Allow participants time to look over the attachments and ask 
questions. 

* Explain that the oven-dry weight of a quantity of wood can 
be determined by baking random samples at below 212° centi- 
grade until stable weight is obtained (usually overnight). 

* Identify individuals among the participants that are familiar 
with calculating moisture content and ask them to help others 
in the group to work a few sample problems using hypo- 
thetical weight figures. 


Step 7 . (15 minutes) 

Distribute and explain Attachment 19-C, "Charcoal 
Yield Worksheet." 

Trainer Notes 


* Explain the basic formula outlined on the attachment by 
working through the sample problem on newsprint. 

* Mention that the moisture content of the charcoal is assumed 
to be negligible unless it has been wetted by rain or during 

* the extraction process. If necessary, the moisture content 
of the charcoal can be determined by baking random samples. 


Step 8. (20 minutes) 

Ask participants to practice solving two hypo- 
thetical yield problems. 

Trainer Notes , 


* Write two hypothetical problems on newsprint. 

* Ask those participants who work out the problems early to 
help others in the group who may be experiencing difficui 


Step 9. (15 minutes) 

Conclude by aski ng partici pants to disc 
examples of ways in which yie 
be helpful at their work site 
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Session 19, Day 6 
Page 4 


Trainer Notes . 

* Stimulate discussion by asking: 

- What difficulties would you encounter in collecting yield 
data at your work site? 

- How could these difficulties be overcome? 

- Why is accurate yield data important? 


1mm— 


Attachment 19-A 


ELEMENTARY CALCULATION 
OF MOISTURE CONTENT 


In forestry it is customarily given as a percent fraction on a 
DRY basis: 



x 100 


Basis 




Mass Oven-dry Wood 


Beware that we customarily think in terms of “percent of a total," 
in this case giving a WET basis figure which is NOT generally used: 





Attachment 1 9-B 


ENERGY POTENTIAL OF RAW WOOD 
Raw Wood Charged 


Air-dry wood 
25% m.c. 



1.25 kg 
4850 kcal 


Partially dry wood 
50% m.c. 



1.5 kg ■ 
4700 kcal 


Wet wood 
1 00% m.c. 



2.0 kg 
4400 kcal 


Ranki ng 


Charcoa 1 Produced 



Very Good 0.35 kg. 35% yield 0.30 kg. 2250 kcal 
2625 kcal 54% of 30% yield 

energy initially 48% e.i.r. 

recoverabl e 



0.24 kg. 1800 kcal 
2 4 % yield 
4 1 % e.i.r. 


JjP 

5»i 




Adequate 


0.25 kg. 1875 kcal 
25% yield 
39% e.i.r. 


0.20 kg. 1500 kcal 
20% yield 
32% e.i.r. 


0.16 kg. 1200 kcal 
16% yield 
27% e.i.r. 


Very Bad 


ggg 3 

0.15 kg. 1125 kcal 
15% yield 
23% e.i.r. 


0.10 kg. 750 kcal 
1 0% yield 
1 6% e.i.r. 



0.08 kg. 600 kcal 
8% yield 
14% e.i.r, . 


Fig, 2 Energy Available from Raw Wood and from the Charcoal 
Produced from It with Respect to Moisture Content and 
Efficiency of Carbonization 




Attachment 19-C 


CHARCOAL YIELD WORKSHEET 


The basic formula for determining yield is: 

(Weight of Charcoal) x 100 = % Yield 

(Calculated Oven-Dry - (Weight of Brands) 

Wood Weight) 

Brands may be of two types: wet and oven-dry. Brand content of Z% 
or more by volume is an immediate indication of kiln inefficiency. 

There are essentially four options in accounting for brands in 
yield calculations: 

1) Subtract wet brands from wet wood, then calculate oven-dry 
wood weight. 

2) Subtract dry brands after calculation of oven-dry wood weight. 

3) Do both of the above. 

4) Ignore the brands in the calculation and list x% yield with 
x% of brands. 

Option if 3 is generally considered to be most accurate. 

Sample Problem : Work Space 

875 kilos of charcoal 

100 steres of wood at 350 kg , per stere 

8 kilos of wet brands 

4 kilos of dry brands 
20% moisture content (0DB) 
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Session 20, Day 6 


PROGRAM EVALUATION 
Total Time: 2 hoi "s 


Object i ves 


Materials: 

Procedures 


* To evaluate the effectiveness of the training 
program 

* To identify ways in which future charcoal training 
programs can be improved 

Newsprint and felt-tip pens 

Step 1 . ( 1 0 mi nutes ) 

Review and explain the session objectives. 

Trainer Notes 


Remind the participants of the design principles which were 
discussed during the session on re-design of kilns (Session 
13, Day 3). Point out that the principles of testing, 
evaluation and re-design also apply to the development of 
effective training programs. 

Explain that evaluation through feedback from participants 
can serve as the basis for improving future charcoal training 
programs. 


Step 2. ( 25 mi nutes ) 

Have the participants divide into groups of 3 or A 
and record on newsprint their observations regarding 
the effectiveness of the training program. 

Trainer Notes 


* Ask that each group list three aspects of the program which 
were particularly effective and three aspects which were par- 
ticularly ineffective, 

* For each ineffective aspect of the program, ask that partici- 
pants suggest ways in which it could be improved. 

* Encourage participants to be as specific as possible and to 
consider all aspects of the program ( i . e. , sequence of 
sessions, content of sessions, trai ner .techniques , etc.). 

* If possible, the trainers should join the small groups and 
participate in the activity. ■ 

* While the small groups are working , ‘arrange chairs in a semi- 
circle at the front of the room so that three people can face 
and speak to one another while reading the posted observa- 
tions and suggestions. Arrange a second row Of chairs around 
the first three. The configuration should look Tike this: 

Continued • ; : 


Trainer Notes/Continued 
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.'mi ii ■ in. 

. . Outer circle 
. . Inner circle 
. . Newsprint 


* Approximately five minutes before the end of the time 

allotted for this step, circulate among the groups, remind 
them of the time remaining and ask that they post their 
observations and suggestions when they are finished. 


Step 3. (10 minutes ) 

Have the group reconvene and occupy the chairs in 
the outer semi-circle. Explain the "Fishbowl" 
activity. 


Trainer Notes 


* Ask if anyone has had experience with this activity. If so, 
ask them to help you with the explanation. Your explanation 
should include the following points: 

- Only three people at a time will be in tho inner semi-circle, 

- The role of each of the three people will be to discuss and 
respond to the posted observations and examine the feasi- 
bility of the suggestions. 

- The role of those in the outer semi-circle will be to 
observe and listen without speaking. 

- When someone from the outer circle wants to enter the dis- 
cussion, a person from the discussion group should leave 
and join the observers. 

* The reason for using the fishbowl structure is to provide a 
comfortable format for discussion and to encourage construc- 
tive feedback and suggestions. Therefore, it is important 
that people feel free to express their thoughts without fear 
of reprisal. People should be encouraged to enter the dis- 
cussion and to exchange places with one another when they have 
something to say. It is a good idea to have at least one 
member of the training staff in the discussion group at all 
times . 


Step 4. (10 minutes) 

Just before the discussion, ask one of the parti- 
cipants to scan the lists and point out any common 
alities and parallels among the observations. 

Trainer Notes _ 


* This quick identification will help provi de order- and avoid 
repetition once the discussion begins. 

— ns. — — ; 
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Step 5. (50 minutes) 

Ask that three volunteers move to the inner semi- 
circle and initiate the activity by responding to 
one of the observations. 

Step 6. (10 minutes) 

Summarize the observations and suggestions for 
improvement that resulted from the fishbowl dis- 
cussion. 


Trainer Notes 


* Stress those observations which seem most generally agreed 
upon by the group and most feasible in terms of future 
imp! ementati on . 


Step 7. (5 minutes) 

Thank the group for their participation in this 
activity and in the training program. 

_________ Trainer Notes 


* It is suggested that a barbeque be held immediately following 
this final session. Participants and staff could then have 
the opportunity to prepare a meal using charcoal produced 
during the program. 




BIBLIOGRAPHY 


We suggest that the following texts be purchased in sufficient 
quantities for distribution to all participants: 


Booth, H. E. 

Eckholm, Erik 

Janczak, Jacek 

Noronha, Raymond 

Salem, Ben B. 
and Tran van Nao 


"Realities of Making Charcoal." UNASYLVA, Vol . 

33 , No . 131, FAO , Rome . 

The Other Energy Crisis; Firewood . World Watch 
Institute, Washington, DC, 1975. 

"Simple Techniques for Basic Bio-fuels." UNASYLVA, 
Vol. 33, No. 131, FAO, Rome. 

"Why is it So Difficult to Grow Fuelwood? 

UNASYLVA, Vol. 33, No. 131, FAO, Rome. 

"Fuelwood Production in Traditional Farming Systems. 
UNASYLVA, Vol. 33, No. 131, FAO, Rome. 


The following resources are effective for reference: 


Ear 1 , D . E . 


Earl , D. E . 


DEVRES 


International 

Labor 

Organi zati on 


National Academy 
of Sciences 


US Forest 
Servi ce 


Charcoal, an Andre Mayer Fellowshi p Report. FAO, 
Rome, Italy, 1974. 

The only general charcoal publication in print. 
Emphasis is on the Mark V portable steel kiln. 

Forest Energy and Economic Development . Clarendon 
Press, Oxford, 1975. 

An overview of forest energy and its role in 
economic development. 

The Socio-Economic Context of Fuelwood Use in Small 
Rural Communities . Agency for International Develop 
ment, Washington DC, 1980. 

Charcoal Making for Small Scale Enterprises . 

Geneva, 1975. 

Published in simple language for small scale pro- 
ducers in developing countries 1 . Also covers the 
small business aspects of charcoal making. 

Emphasis is on metal kilns. 

Firewood Crops . National Academy Press, 

Washington, DC, 1980. 

Description of shrub and tree species for energy 
production, including carbonization possibilities. 

Charcoal Production, Marketing and Use . Washington, 
DC, Forest Products Research Lab Report 2213, 1961. 

Information on masonry kilns. 
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THE FARALLONES INSTITUTE RURAL CENTER 

15290 Coleman Valley Road 
Occi dental , CA 95465 
(707) 874-3060 

The Farallones Institute Is a non-profit organization 
active in the development of appropriate community 
technologies, with an emphasis on renewable sources of 
energy and food systems. Areas of expertise include: 

- design and implementation of training programs, with 
a focus on experiential learning and the acquisition 
of integrated skills 

- development of educational materials 

- resource gathering and information sharing 

- design, use and evaluation of small-Scale technologies 

- study trips to rural China 
-. consulting services 


CHP INTERNATIONAL, INC. 

1010 West Lake Street 
Oak Park, IL 60301 
(312) 848-9650 

CHP International, Inc. is a consulting firm specializing 
in the design, management and evaluation of international 
training programs. It develops and-conducts technical, 
cross-cultural and language programs in Latin America, 
Asia, and Africa. In addition, CHP International, Inc. 
leads staff development workshops in the techniques 
necessary to effectively implement competency based and 
experiential training programs. 
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